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EXECUTIVE SUMMARY

This characterization report summarizes the available information on the historidal uses and

the current status of single-shell tank 241-BX-109, and presents the analytical results of the

April 1995 sampling and analysis effort. This report supports the requirements of the

Hanford Federal Facility Agreement and Consent Order Milestone M-44-09

(Ecology et al. 1996).

Tank 241-BX-109 is a single-shell underground waste storage tank located in the 200 East

Area BX Tank Farm on the Hanford Site. It is the third tank in a three-tank cascade series

that includes tanks 241-BX-107 and 241-BX-108. Unknown waste (probably first-cycle

decontamination waste supernatant) was initially added in November 1950 from

tank 241-BX-108. Tank 241-BX-109 received uranium recovery (UR) waste from U Plant

during this same period. During 1964, tank 241-BX-109'received supernatant (UR or

PUREX cladding waste, based on the historical record) from tanks 241-BX-105 and

241-C-102. Between 1964 and 1969, tank 241-BX-109 received cesium recovery waste from

B Plant. Finally, the tank received water from an unknown source in 1973. Several

transfers from tank 241-BX-109 to other tanks occurred between 1953 and 1968 (see Section

2.3.1). Tank 241-BX-109 was declared inactive in 1978.
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Table ES-1. Description and Status of Tank 241-BX-109.

Type Single-shell

Constructed . 1946-1947

In-service 1950

Diameter 23 m (75 ft)

Maximum operating depth 5.2 m (17 ft)

Capacity 2,010 kL (530 kgal)

Bottom Shape Dish

Ventilation Passive

Total waste volume 730 kL (193 kgal)

Supernatant volume 0 kL (0 kgal)

Saltcake volume 0 kL (0 kgal)

Sludge volume 730 kL (193 kgal)
Drainable interstitial liquid volume 49 kL (13 kgal)

Waste surface level 1.66 m (65.4 in.)

Median temperature (April 1995 - April 1996) 22 *C (71 *F)

Integrity Sound

Watch List None

Push-mode core samples April 1995

Partial isolation June 1985

Interimf stabilized September 1990

ES-2



WHC-SD-WM-ER-572, Rev. 0

A description and the status of tank 241-BX-109 are given in Table ES-i and Figure ES-1.

The tank has an operating capacity of 2,010 kL (530 kgal), and presently contains 730 kL

(193 kgal) of waste. The total amount is composed of 49 kL (13 kgal) of drainable

interstitial liquid, and 730 kL (193 kgal) of sludge (Hanlon 1996). Current surveillance data

and observations appear to support these amounts.

This report summarizes the collection and analysis of a set of samples that were obtained in

April 1995. The sampling event was performed to satisfy the requireiments of the Tank

Safety Screening Data Quality Objective (Babad and Redus 1994), Historical Model

Evaluation Data Requirements (Simpson and McCain 1995), and Strategy for Sampling

Hanford Site Tank Wastes for Development of Disposal Technology (Kupfer et al. 1995).

The sampling effort consisted of the acquisition of two core samples of four segments each

by the push-mode core sampling method. Core 85 was taken from riser 2, and core 84 from

riser 7. Hydrostatic head fluid was used in the sampling process.

The analytical results showed no violations of the safety screening data quality objective

limits. The overall tank mean weight percent water was 50.3. Out of 32 samples none

yielded percent water results below 17 percent. The lowest weight percent water result

(43.7 percent) came from the upper half of segment 2 core 85 (sample number S95T000789).

The highest detected total alpha activity (0.138 pCi/g) came from.the lower half of segment

2 core 85 (sample number S95T000787). The upper limit to a one-sided 95 percent

confidence interval on the mean alpha activity for segment 2 core 85 was 0.424 Ci/g, much,

ES-3
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less than the 41.0-pCi/g limit. No-exothermic reactions were noted in the differential

scanning calorimetric analyses (Schreiber 1996), and the flammability ini the tank head space

was measured at 0 percent of the lower flammability limit (LFL). The historical gateway

analysis passed for all analytes.

Based on current analyses of cesium and strontium, the tank heat load produced by

radioactive decay is calculated to be 1.35 kW (4,600 Btu/hr), which is less than the limit of

11.7 kW (39,960 Btu/hr), the boundary between high- and low-heat tanks (Bergmann 1991).

Surveillance data show that the average temperature of the tank between May 1994 and April

1996 was 21.8 *C (71.3 *F), with a maximum temperature of 25.7 *C (78.5 *F) during the

same time period. Since August 1995, the tank surface level has remained steady at 1.66 m

(65.4 in.).

ES-4
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Table ES-2. Summary of Analytical Results and Projected Inventories.'

An ws eantConeentraT on (Mean Prj wtdientor'... ~ INBO.2g

gyarety Scre gnnaoyes

Water content 50.3 weight percent 3.9 % 5.43E+05 kg
(solids portion of
sample)

60.1 weight percent N/A N/A
(drainable liquid
portion of sample)

Total alpha activity < 0.045 pCi/g N/A < 48 Ci

Fuel content No exothermic reactions

Flammable gas 0 %

Chloride 1.32E+03 2.9 1.46E+03

Fluoride <5.28E+02 NA <5.73E+02

Nitrate 1.93E+05 2.8 2.10E+05
Nitrite 1.81E+04 11.8 1.96E+04

Phosphate 2.52E+04 4.2 2.72E+04

Sulfate 1.76E+04 2.9 1.90E+04

MM7,l pgg k

Aluminum 2.48E+03 26.8 . 2.68E+03

Calcium 3.03E+03 17.2 3.27E+03

Chromium 1.37E+02 6.6 1.47E+02

Iron 2.19E+04 5.6 2.38E+04

Phosphorous 2.08E+04 4.6 2.25E+04

Silicon 7.39E+02 7.9 7.99E+02

Sodium 1.05E+05 1.5 1.13E+05

Sulfur 6.28E+03 1.6 6.78E+03

Uranium 1.42E+04 12.8 1.53E+04
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Table ES-2. Summary of Analytical Results and Projected Inventories.'

Radionuides pCi/g Ci

Cesium-137 1.29E+01 12.8 1.39E+04

Strontium-89/90 1.78E+02 1.5 1.92E+05

Physi[$'&Pr.pyrties

Density' 1.48 N/A N/A

Total Organic Carbon 4.10E+02 7.3 4.42E+02

Notes:

N/A
RSD (Mean)

Not applicable
Relative standard deviation of the mean

'Schreiber (1996) and Appendix A
2Calculation based on 1.48 g/mL sludge density and 730 kL sludge.
3Average of Core Composite Analyses (Table A-53).
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Figure ES-1. Profile of Tank 241-BX-109.

Cascade ovtlet to
tank 241-BY-107

ENRAF Sufface Level Gauge

0 lOSCr ep7 Gr 4
91995 Cre Sample (Core 4)

CWndenser
pIt o0 5

4
0 3

Thermocouple Tree 0

02
1995 C=rSampie (Core 85) ;0

Spar. Nozzles

Cascade Inlet from
tank241-BX-108

23 m
(75 R)

OpeatIng Depth
5.2 n
(17 R)

Total Tank Volume:
Waste Volume (Dembr 1995):
Sludge Volume (December 1995):

Supemale Volume (December 1995):

2,010 kL (530 kgal)
730 kI (193 kgal)
730 kL (193 kgal)

0 kL (0 I.al)

ES-7

Not o seal.

m~

IlsTin.)



WHC-SD-WM-ER-572, Rev. 0

This page intentionally left blank.

ES-8



WHC-SD-WM-ER-572, Rev. 0

CONTENTS

1.,0 INTRODUCTION ..................................... ........ 1-1
1.1 PURPOSE ................................................ 1-1
1.2 SCOPE .................................................. 1-1

2.0 HISTORICAL TANK INFORMATION ..................
2.1 TANK STATUS ..............................
2.2 TANK DESIGN AND BACKGROUND ............
2.3 PROCESS KNOWLEDGE ........................

2.3.1 Waste Transfer History ....................
2.3.2 Historical Estimation of Tank Contents .........

2.4 SURVEILLANCE DATA .....................
2.4.1 Surface Level Readings ........... .........
2.4.2 Internal Tank Temperatures .................
2.4.3 Tank 241-BX-109 Photographs .............

3.0 TANK SAMPLING OVERVIEW ....................
3.1 DESCRIPTION OF THE 1975 SAMPLING EVENT ....

3.1.1 Sample Handling .........................
3.1.2 Sample Analysis ......................

3.2 DESCRIPTION OF THE 1990 SAMPLING EVENT ....
3.3 DESCRIPTION OF 1995 SAMPLING EVENT .........

3.3.1 Sample Handling .........................
3.3.2 Sample Analysis ......................

4.0 ANALYTICAL RESULTS ........................

... ........ 2-1
........... 2-1
........... 2-2
........... 2-6
........... 2-6
........... 2-7
.......... 2-11
.......... 2-11
.......... 2-11
.......... 2-14

... 3-1
... 3-1
... 3-1
.. .3-1
... 3-2
... 3-2
*. .3-2
.. .3-6

... 4-1
4.1 OVERVIEW .............................................. 4-1
4.2 RADIONUCLIDES/TOTAL ALPHA ......................... 4-2
4.3 THERMODYNAMIC ANALYSES .............................. 4-2

4.3.1 Thermogravimetric Analysis .... ...................... 4-2
4.3.2 Differential Scanning Calorimetry .......................... 4-4
4.3.3 Bulk Density/Specific Gravity ..... . ............. ,....... 4-8

4.4 ION CHROMATOGRAPHY ANALYSIS .......................... 4-8
4.5 INDUCTIVELY COUPLED PLASMA (ICP) ANALYSIS ............ 4-9
4.6 ANALYSIS FOR HYDROSTATIC HEAD FLUID CONTAMINATION ... 4-9

4.6.1 Lithium ............................................ 4-10
4.6.2 Bromide .......................................... 4-10

4.7 HEADSPACE VAPOR SAMPLING ......................... 4-11

i



WHC-SD-WM-ER-572, Rev. 0

CONTENTS (Continued)

5.0 INTERPRETATION OF CHARACTERIZATION RESULTS .............. 5-1
5.1 ASSESSMENT OF SAMPLING AND ANALYTICAL RESULTS ........ 5-1

5.1.1 Field Observations .............. ...................... 5-1
5.1.2 Quality Control Assessment .......................... 5-1
5.1.3 Data Consistency Checks ............................ 5-2

5.2 COMPARISON OF ANALYTICAL RESULTS FROM
DIFFERENT SAMPLING EVENTS .............................. 5-6

5.3 TANK WASTE PROFILE .................................... 5-6
5.4 COMPARISON OF TRANSFER HISTORY WITH

ANALYTICAL RESULTS .................................... 5-7
5.5 EVALUATION OF PROGRAM REQUIREMENTS ............... 5-10

5.5.1 Safety Evaluation ................................. 5-13
5.5.2 Historical Evaluation ................................. 5-13
5.5.3 Pretreatment Evaluation ............................ 5-14

6.0 CONCLUSIONS AND RECOMMENDATIONS ......................... 6-1

7.0 REFERENCES ................................................ 7-1

APPENDICES

A ANALYTICAL RESULTS FROM 1995 CORE SAMPLING ................... A-1

B ANALYTICAL RESULTS FROM 1975 AND 1990 SAMPLING ..... ........ B-1

C 1995 SAMPLE EXTRUSION PHOTOS ............................... C-1

D HYDROSTATIC HEAD FLUID ANALYTICAL RESULTS ................. D-1

E STATISTICAL ANALYSES ....................................... E-1

ii



WHC-SD-WM-ER-572, Rev. 0

LIST OF FIGURES

Riser Configuration for Tank 241-BX-109 .......................... 2-3

Tank 241-BX-109 Configuration .................................... 2-5

Tank Layer Model for tank 241-BX-109 ............................... 2-8

Tank 241-BX-109 Level History. ................................ 2-12

Tank 241-BX-109 Weekly High Temperature Plot..................... 2-13

Clustering Results for the BX-109 Cores ........................... 5-8

LIST OF TABLES

Estimated Tank Contents .................................... 2-1

Tank 241-BX-109 Risers .................................... 2-4

Summary of tank 241-BX-109 Waste Received History ................... 2-7

Tank 241-BX-109 Inventory Estimate ................................ 2-9

Integrated Data Quality Objective Requirements for Tank 241-BX-109 ........ 3-3

Cores 84 and 85 Push-Mode Core Sample Description ... . ............... 3-4

Analytical Procedures ........................................ 3-7

Data Locations .......................................... 4-1

Solids Thermogravimetric Analysis Results for Tank 241-BX-109 ............ 4-3

Drainable Liquid Thermogravimetric Analysis Results for Tank 241-BX-109 ... . 4-4

Differential Scanning Calorimetry Results for Tank 241-BX-109 .............. 4-5

Ion Chromatography Analytical Results ............................... 4-8

iii

2-1

2-2

2-3

2-4

2-5

5-1

2-1

2-2

2-3

2-4

3-1

3-2

3-3

4-1

4-2

4-3

4-4

4-5



WHC-SD-WM-ER-572, Rev. 0

LIST OF TABLES (Continued)

4-6 ICP Analytical Results ...................................... 4-9

4-7 Tank 241-BX-109 Li Samples That Exceeded Notification Limits ........... 4-10

4-8 Tank 241-BX-109 Br Samples That May Have HHF Contamination ......... .4-11

4-9 Correction to TGA Results Due to HHF Contamination .................. 4-11

4-10 Headspace Vapor Survey Results ................................ 4-11

5-1 Cation Mass and Charge Data ............ .. .................... 5-4

5-2 Anion Mass and Charge Data ................................. 5-5

5-3 Mass Balance Totals ........................................ 5-5

5-4 Comparison of UR/TBP Waste Type with 1995, Segment 3, Upper Half
Analytical Results for Tank 241-BX-109 ............................. 5-9

5-5 Comparison of TLM Estimates with Core Composite Results for
Tank 241-BX-109 .......................................... 5-11

5-6 Safety Screening DQO Decision Variables and Criteria .................. 5-12

iv



WHC-SD-WM-ER-572, Rev. 0

LIST OF TERMS

1C first-cycle decontamination waste
2C second-cycle decontamination waste
ANOVA analysis of variance
Bsltck 242-B Evaporator saltoake
Btu/hr British thermal units per hour
C Celsius
Ci curies
Ci/L curies per liter.
CSR cesium recovery waste
CW PUREX cladding waste
DL drainable liquid
DQO data quality objective
DSC differential scanning calorimetry
EDTA ethylenediaminetetraacetic acid
F Fahrenheit
ft feet
g grams
g/cc grams per cubic centimeter
g/L grams per liter
g/mL grams per milliliter
gal gallons
GEA gamma energy analysis
HDW Hanford Defined Wastes
HEDTA N-(hydroxylethyl)-ethylenediaminetriacetic acid
HHF hydrostatic head fluid
HTCE Hanford Tank Content Estimate
IC ion chromatography
ICP/AES inductively coupled plasma atomic emission spectrometry
in. inches
J/g joules per gram
kg kilograms
kgal kilogallons
kL kiloliters
kW kilowatts
L liters
LFL lower flammability limit
m meters
M molar
mg milligrams
mL milliliters
mm millimeters

v



WHC-SD-WM-ER-572, Rev. 0

LIST OF TERMS (Continued)

moles per liter
nitrilotriacetic acid
parts per million
Plutonium-Uranium Extraction Plant
quality control
Revision
relative percent difference
relative standard deviation
tributyl phosphate
thermogravimetric analysis
Tank Layer Model
total organic carbon
uranium recovery waste
Waste Status and Transaction Record Summary
weight percent
microcuries per gram
micrograms per gram
micrograms per milliliter
micromoles per gram
change in enthalpy

vi

mol/L
NTA
ppm
PUREX
QC
Rev.
RPD
RSD
TBP
TGA
TLM
TOC
UR
WSTRS
wt%
pCi/g
gg/g
pg/mL
pmol/g
AH



WHC-SD-WM-ER-572, Rev. 0

1.0 INTRODUCTION

This characterization report presents an overview of single-shell tank 241-BX-109 and its
waste components. It provides estimated concentrations and inventories for the waste
constituents based on the latest sampling and analysis activities and background tank
information. Tank 241-BX-109 was sampled in April 1995 to satisfy the requirements of
Tank Safety Screening Data Quality Objective (Babad and Redus 1994), Historical Model
Evaluation Data Requirements (Simpson and McCain 1995), and Strategy for Sampling
Hanford Site Tank Wastes for Developmental Disposal Technology (Kupfer et al. 1995).

Tank 241-BX-109 was declared inactive in 1978. Interim stabilization and intrusion
prevention have been completed; therefore, the composition of the waste should not change
substantially until pretreatment and retrieval activities commence. The analyte concentrations
reported in this document reflect the best estimates of the waste composition based on
available analytical data and historical models. This report supports the requirements of
Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1996)
Milestone M-44-09.

1.1 PURPOSE

The purpose of this report is to summarize the information about the use and contents of
tank 241-BX-109. Where possible, this information will be used to assess issues associated
with safety, operations, environmental, and process development activities. This report also
serves as a reference point for more detailed information concerning tank 241-BX-109.

1.2 SCOPE

The April 1995 core sampling event for tank 241-BX-109 supported the evaluation of the
tank waste according to the safety screening and historical data quality objectives (DQOs).
From the two core samples, four primary analyses were performed as directed in the
Tank 241-BX-109 Sample and Analysis Plan (Schreiber 1995). These analyses were
differential scanning calorimetry (DSC) (to evaluate fuel level and energetics),
thermogravimetric analysis (TGA) (to determine moisture content), total alpha activity (to
evaluate criticality potential), and flammable gas. Selected sub-segment and composite
samples were analyzed as directed for historical analyses. From these samples, principal
anions, cations, water content, and radionuclides were measured to evaluate past process
history data and a prediction model developed from it.

Lithium analysis was conducted by inductively coupled plasma atomic emission spectrometry
(ICP/AES) to check for sample contamination by the hydrostatic head fluid used during the
push-mode core sampling process. Bromide was also analyzed as a secondary check for
hydrostatic head fluid infiltration.

1-1
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2.0 HISTORICAL TANK INFORMATION

This four-part section describes tank 241-BX-109 based on historical information. The first

part of this section details the current condition of the tank. The next part discusses the

tank's design, transfer history, and the process sources that contributed to the tank waste,
and includes an estimate of the current contents based on the process history. Events that

may be related to tank safety issues, such as potentially hazardous tank contents or

off-normal operating temperatures constitute the third part. The final part summarizes

available surveillance data for the tank. Solid and liquid level data are used to determine

tank integrity (leaks) and to provide clues to internal activity in the solid layers of the tank.

Temperature data are provided to evaluate the heat-generating characteristics of the waste.

2.1 TANK STATUS

As of December 31, 1995, tank 241-BX-109 contained an estimated 730 kL (193 kgal) of

waste classified as non-complexed (Hanlon 1996). Liquid waste volume was estimated using

a combination of a surface level gauge and photographic evaluation. Solid waste volume was

estimated using a photographic evaluation method on September 17, 1990. The amounts of

various waste phases existing in the tank are presented in Table 2-1.

Table 2-1. Estimated Tank Contents. (Hanlon 1996)

.E44im4 ed.V#K$me

Oaste Form 
RI

Supernatant liquid 0(0)

Drainable interstitial liquid 49 (13)

Drainable liquid remaining 49 (13)

Pumpable liquid remaining 30 (8)

Sludge 730 (193)

Saltcake 0 (0)

Note:

'For definitions and calculation methods refer to (Hanlon 1996, Appendix C).

2-1j *
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Tank 241-BX-109 was declared inactive in 1978. Tank 241-BX-109 is a sound tank that is
interim stabilized with intrusion prevention (interim isolation) completed. This passively
ventilated tank is not on any Watch Lists. All monitoring systems were in compliance with
documented standards as of December 31, 1995 (Hanlon 1996).

2.2 TANK DESIGN AND BACKGROUND

Information for this section is taken from Anderson (1990), Alstad (1993), Leach and Stahl
(1993), and tank construction drawings.

The BX Tank Farm was constructed between 1946 and 1947 in the 200 East Area and
contains twelve 100-series tanks. These tanks have 2,010-kL (530-kgal) capacities,
23-m (75-ft) diameters, and 5.2-m (17-ft) operating depths. The BX Tank Farm was
designed for non-boiling waste with a maximum fluid temperature of 104 *C (220 *F).

Tank 241-BX-109 is third in a three-tank cascade series that includes tanks 241-BX-107 and
241-BX-108. A 7.6-cm (3-in.) cascade overflow line connects these three tanks. The
bottom center elevation of tank 241-BX-107 is 187.45 m (615 ft), cascading to tank
241-BX-108 with a bottom elevation of 187.15 m (614 ft), cascading to tank 241-BX-109
with a bottom elevation of 186.84 m (613 ft). Tank 241-BX-109 then cascades to tank
241-BY-107. The height of the cascade overflow is approximately 4.6 m (15 ft) from the
tank bottom and 61 cm (2 ft) below the top of the steel liner.

The tank has a dished bottom with a 1.2 m (4 ft) radius knuckle. The tank was constructed
with a primary mild steel liner and a concrete dome with various risers. The tank is set on a
reinforced concrete foundation. A three-ply asphalt waterproofing was applied over the
foundation and steel tank. The tank ceiling dome was covered with three applications of
magnesium zincfluorosilicate wash. Lead flashing was used to protect the joint where the
steel liner meets the concrete dome. Asbestos gaskets were used to seal the manholes in the
tank dome. The tank was waterproofed on the sides and -top with tar and welded wire
reinforced gunite. This tank was covered with approximately 2.64 m (8.65 ft) of
overburden.

Tank 241-BX-109 has 10 risers ranging in diameter from 10 cm (4 in.) to 1.1 m (42 irt.).
Table 2-2 shows riser numbers, sizes, and descriptions. Figure 2-1 shows a plan view of the
riser configuration. The surface level of the waste is monitored through riser 8 With a
manual ENRAF1 surface level gauge. Risers 2, 6, and 7 are tentatively available for
intrusive tank activities (Lipnicki 1996). Three risers are 30 cm (12 in.) in diameter. A
tank cross-section showing the approximate waste level, along with a schematic of the tank
equipment, is found in Figure 2-2.

1ENRAF is a trademark of ENRAF Corporation, Houston, Texas.
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Figure 2-1. Riser Configuration for Tank 241-BX-109.
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Table 2-2. Tank 241-BX-109 Risers. (Alstad 1993)

R1 4 Flange, benchmark

R2 12 Flange

R3 12 Thermocouple tree

R4 4 Breather filter, G1 housing

R5 4 Thermocouple Tree

R6 12 Flange

R7 12 Flange/B-222 observation port

R8 4 ENRAF® 854 surface level gage, benchmark

R9 42 Manhole, below grade
R13 12 Saltwell screen and pump

...... ..... C. om.. et. . .ja4A N.U. 004. ~ $~:> % 8~§s>~ .. ......

N1 3 Spare nozzle
N2 3 Spare nozzle

N3 3 Spare nozzle

N4 3 Line V-345
N5 3 Cascade outlet nozzle

N6 3 Cascade inlet nozzle

Other source:
Hanford Drawing:

Vitro, 1988, Piping Waste Tank Isolation 241-BX-109, Drawing H-2-73319, Rev. 3,
Vitro Engineering Corporation.
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2.3 PROCESS KNOWLEDGE

These sections present the history of waste transfer for tank 241-BX-109. Section 2.3.1 and
Table 2-3 present the major transfers that involved tank 241-BX-109.

2.3.1 Waste Transfer History

Waste was initially added to tank 241-BX-109 in November 1950 via the cascade of
first-cycle decontamination (1C) supernatant waste from tank 241-BX-108. From the first
quarter of 1953 until the third quarter of 1954, supernatant waste was transferred from
tank 241-BX-109 to tank 241-B-106. During the same period, tank 241-BX-109 received
waste consisting of IC and uranium recovery (UR) waste, consisting of primarily tributyl
phosphate (TBP) waste, from U Plant. Tank 241-BX-109 supernate also cascaded to tank
241-BY-107 during this time period. According to historical records, the supernate was most
likely UR waste. During the fourth quarter of 1957, supernatant was pumped to
tank 241-C-101, scavenged with ferrocyanide, then pumped to tank 241-C-108 for in-tank
settling of co-precipitated cesium (scavenging transfer T29).

During the second quarter of 1964, tank 241-BX-109 was sluiced to tank 241-A-102,
removing 204 kL (54 kgal) of solid waste. Tank 241-BX-109 received supernatant PUREX
cladding waste (CW) from tank 241-BX-105 during the second quarter of 1964. During the
fourth quarter of 1964, tank 241-BX-109 received supernatant PUREX cladding waste (CW)
from tank 241-C-102. During the fourth quarter of 1967 and the first quarter of 1969,
tank 241-BX-109 received cesium recovery waste from B Plant. From the fourth quarter of
1968 until the fourth quarter of 1973, supemate (CSR and/or IX waste) was transferred from
tank 241-BX-109 to tank 241-BX-106. The final transfer occurred during the second quarter
of 1973, when tank 241-BX-109 received water from an unknown source. Tank 241-BX-109
was removed from service in 1977 and declared inactive in 1978 (Agnew et al. 1995, and
Anderson 1990).
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Table 2-3. Summary of tank 241-BX-109 Waste Received History.1 (Agnew et al. 1995)

~Ag~ ~ ...<~ ~ . ~ ~ Esimated :U~.*V~ cyte

.... an$s*t.erM RNMurce IM Me _pR_

B Plant /Cascade from First-cycle
B decontamination waste 1950 2,006 (530)

241-BX-108 from BiPO4 operations

Uranium recovery
221-U waste in the form of 1953 - 1954 23,762 (6,277)

TBP waste

241-BX-105 Supernatant CW from 1964 401 (106)
PUREX operations

241-C-102 Supernatant CW from 1964 909 (240)
PUREX operations

Supernatant waste from 1967 &
B Plant cesium recovery 1969 943 (249)

operations I I I

Note:

1Waste volumes and types are best estimates based on historical data.

2.3.2 Historical Estimation of Tank Contents

The following is an estimate of the contents in tank 241-BX-109 based on historical transfer

data. The historical data used for the estimate are Waste Status and Transaction Record

Summary (WSTRS) for the Northeast Quadrant (Agnew et al. 1995), Hanford Defined Wastes

(HDW) (Agnew 1996), and the Tank Layer Model (TLM) (Agnew et al. 1996). As of May

1996 the Historical Tank Content Estimate (HTCE) and support documents
(Brevick et al. 1995a and 1995b) are being revised to reflect Agnew et al. (1996). The
WSTRS is a compilation of available waste transfer and volume status data. The HDW

provides the assumed typical compositions for all the separate wastes types. In most cases,
the available data are incomplete, which reduces the reliability of the transfer data and the

modeling results derived from it. These sources of data are used to model the waste

deposition process and generate an estimate of the tank contents. The errors introduced in

each step of the process make these model predictions only estimates that require further

evaluation using analytical data.
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Based on the HTCE and the TLM, tank 241-BX-109 contains 603 kL (159 kgal) of UR waste
and 130 kL (34 kgal) of 1C waste. Figure 2-3 shows a graph representing the estimated
waste type and volumes for the tank layers. The 1C waste, predicted as the bottom layer,
should contain primarily sodium, aluminum, hydroxide, nitrate, nitrite, iron, -bismuth, and
phosphate. The 1C layer will also contain trace amounts of calcium, fluoride, carbonate,
sulfate, silicate, and chloride. Also, minute quantities of plutonium, strontium and cesium
will produce a small activity. The predicted top layer of UR waste should contain significant
concentrations of uranium, sodium, iron, sulfate, nitrate, nitrite, carbonate, phosphate, and
hydroxide. Traceable amounts of potassium, chloride, cesium, plutonium, and strontium will
also be present in this layer. The cesium and strontium will produce a modest amount of
radiological activity. Aluminum and bisniuth should largely be absent from the UR waste.
Table 2-4 shows waste constituents and concentrations predicted by Agnew et al. (1995).
Because transfers of 1C waste to tank 241-BX-109 were from -cascading, it is likely that most
1C solids settled out in tank 241-BX-107 and were not transferred to tank 241-BX-109.
Further, two of the primary transfers of UR waste directly from U Plant occurred before the
first solids measurements were taken. Consequently, the bottom layer of waste in
tank 241-BX-109 is likely UR not 1C waste.

Figure 2-3. Tank Layer Model for tank 241-BX-109 (Agnew et al. 1995).

603 kL [159 kgal] UR

130 kL [34 kgal] 1C

Waste Volume
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Table 2-4. Tank 241-BX-109 Inventory Estimate (Agnew et al. 1996) (2 sheets).

Total solid waste 9.49E+05 kg (193 kgal)

Heat load 0.111 kW (379 Btu/hr)

Bulk density1  1.30 (g/cc)

Water wt% 62.4

Total organic carbon 2.54E-04
wt% carbon (wet)

M,. W4...

Na + 3.57 6.32E+04 5.99E+04

Al3  0.15 3.15E+03 2.99E+03

Fe3 + (total Fe) 1.33 5.71E+04 5.42E+04

Cr1+ 3.18E-03 127 121

Bi3 + 7.78E-03 1.25E+03 1.19E+03
La3+ 0 0 0

Hg2+ 1.02E-05 1.58 1.5
Zr (as ZrO(OH)2) 1.24E-03 86.8 82.4

Pb2+ 0 0 0

Ni2 + 1.44E-03 65.2 61.9

Sr 2+ 0 0 0

Mn 0 0 0

Ca2 + 0.29 9.02 8.56E+03

K1+ 1.35E-02 407 386

OH- 5.14 6.72E+04 6.38E+04

NO 1.87 8.94E+04 8.48E+04

NO1 0.35 1.23E-04 1.17E+04

Co 3
2- 0.43 1.98E+04 1.88E+04

Po 4
3- 0.25 1.85E+04 1.76E+04
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Table 2-4. Tank 241-BX-109 Inventory Estimate (Agnew et al. 1996) (2 sheets).

SO42 0.12 8.57E+03 2.68E+05

Si (as SiOt) 8.82E-03 191 2.58E+03

F 3.38E-02 494 4.65E+03

Cl- 7.96E-02 2.17E+03 7.75E+03

CA15 73- 0 0 0

EDTA4  0 0 0

HEDTA3- 0 0 0

glycolate- 0 0 0

acetatec 0 0 0

oxalate' 0 0 0

DBP 2.29E-05 4.69 0

Butanol 0 1.31 0

NH 3  8.12E-04 10.6 0

Fe(CN)64  0 0 0

Pu 5.57E-03 (yCi/g) 8.81E-02 (kg)

U 0.115 (M) 2.11E+04 (jg/g) 2.00E+04 (kg)

Cs 6.261-03 (Ci/L) 4.82 (pCi/g) 4.57E+03 (Ci)

Sr 1.82E-02 (Ci/L) 14.0 (gCi/g) 1.33E+04 (Ci)

Notes:

These estimates have not been validated and should be used with caution.
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2.4 SURVEILLANCE DATA

Tank 241-BX-109 surveillance consists of surface level measurements (liquid and solid),
temperature monitoring inside the tank (waste and vapor space), and leak detection well
(drywell) monitoring for radioactivity outside the tank. The data are significant because they
provide the basis for determining tank integrity.

Liquid level measurements can indicate if there is a major leak from a tank. Solid surface
level measurements provide an indication of physical changes and consistency of the solid
layers of a tank. Drywells located around the perimeter of the tank may show increased
radioactivity due to leaks in the vicinity of a drywell.

2.4.1 Surface Level Readings

Since August 1995, the surface level of the waste in tank 241-BX-109 is monitored with a
manual ENRAFO surface level gauge through riser 8. Prior to this, surface level was
monitored with a Food Instrument Corporation gauge through riser 8. The maximum
allowed deviations from the 1.66-m (65.3-in.) baseline are an increase or decrease of 5 cm (2
in.).

The ENRAF 0 surface level readings from August 1995 to April 1996 have remained steady
with the readings ranging between 165.8 cm (65.3 in.) and 166.4 cm (65.5 in.). A graph
representing the level measurement history is presented in Figure 2-4. The surface level on
April 8, 1996 was 166.1 cm (65.4 in.). Tank 241-BX-109 has four drywells but no liquid
observation well.

2.4.2 Internal Tank Temperatures

Eleven thermocouples are available for recording temperature data in tank 241-BX-109. No
elevations are known for the thermocouples. Two thermocouple trees were present in the
tank in September 1990. The thermocouples were out of service in January 1991 due to the
absence of a relay box. Prior to May 1994, only one temperature'reading was recorded per
thermocouple in July 1993.

Temperature data are available from May 1994 to April 1996. Currently, temperature data
are recorded automatically on a daily basis. The average temperature for this period was
21.8 *C (71.3 *F), the minimum temperature was 16.7 "C (62.1 *F), and the maximum
temperature was 25.7 *C (78.3 0F). The average temperature for the past year (April 95
through April 96) was 21.6 *C (70.9 'F), with a minimum temperature of 16.7 *C (62.1 *F)
and a maximum temperature of 25.5 'C (77.9 *F). The maximum temperature for April 9,
1996 was 22.7 *C (72.9 *F) recorded by thermocouple 2, and the minimum temperature was
16.8 *C (62.2 *F) recorded by thermocouple 11. A graph of the weekly high temperatures
between March 1994 and May 1996 is provided as Figure 2-5.
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Weekly High Temperature Profile for Tank 241-BX-109
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2.4.3 Tank 241-BX-109 Photographs

The 1982 photographic montage of the tank 241-BX-109 interior indicates a dark,
pockmarked sludge surface with pools of clear brown liquid. Equipment visible in the
photograph includes a saltwell screen, a temperature probe, a flange gasket, a pump, a Food
Instrument Corporation probe, and an old level measurement tape. Since the photographs
were taken, 15 kgal of saltwell liquid were pumped to tank 241-AN-101; as a result, the tank
appearance may have changed.
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3.0 TANK SAMPLING OVERVIEW

This section describes sampling and analysis events for tank 241-BX-109.
Historically, waste samples from single-shell tanks have been analyzed to characterize the
supernate, sludge, and/or saltcake in each tank. Data were compiled for samples obtained
from the late 1950s to the present. Data have been located for two samples from
tank 241-BX-109 prior to the 1995 push-mode core sample. The samples were reported on
May 20, 1975 and March 16, 1990. Analytical results for 1995 core samples are presented
in Appendix A. Data tables for 1975 and 1990 sample analyses are presented in
Appendix B.

3.1 DESCRIPTION OF THE 1975 SAMPLING EVENT (Buckingham 1975)

A description of the technique used to extract the sample from tank 241-BX-109 was not
available. The sample was a liquid with approximately 20 percent insoluble solids. Because
this sample was taken before 1989, it should not be assumed to be representative of the
present waste composition within the tank.

3.1.1 Sample Handling

The procedure described for this sample was obtained from an Atlantic Richfield Hanford
Company internal memo from J. S. Buckingham to W. P. Metz (Buckingham 1975). The
sample was heated to redissolve the solids. However, 20 percent remained undissolved, so
the sample was slurried and aliquots of the slurry were taken. 50 mL of the slurried solution
was diluted with 50 mL of water. The diluted sample was then filtered through an
0.25-micron filter. Analyses were made on the final filtered solution. The filter was washed
with four 25-mL portions of 0.05 M NaOH.

3.1.2 Sample Analysis

The reported sample was used for determining actinide concentrations in the alkaline waste
solutions of the tanks. The samples revealed the presence of sodium compounds of
aluminate, nitrite, nitrate, hydroxide, carbonate, phosphate, fluoride, and silicate. The
primary radionuclides were cesium, americium, and plutonium. Results and comparisons
with other liquid analyses are included in Appendix B.
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3.2 DESCRIPTION OF THE 1990 SAMPLING EVENT (Weiss 1990)

The 1990 sample was a process grab sample taken for tank transfer information. The sample
was a liquid with a small amount of solids (less than one.percent). No further information
regarding sampled riser, sampling depth, or type of sample was available from the historical
records.

No procedure was available on how the sample was handled by the laboratory. The reported
OH- for the sample was a result of a measured neutralization titration at approximately
pH 7.5. The reported value is low for normal OH concentrations in the tanks. The sample
contained primarily sodium, nitrate, nitrite, and cesium, with smaller concentrations of
phosphate, sulfate, carbonate, and strontium. Summary analytical information and
comparisons with other liquid sample analyses are included in Appendix B. Additional
comparisons are not warranted because there is currently no supernate in the tank and
interstitial liquids constitute less than 7% of the tank volume (Hanlon 1996).

3.3 DESCRIPTION OF 1995 SAMPLING EVENT

Two push-mode core samples were collected from tank 241-BX-109 in April 1995. Cores 84
and 85 were collected from risers 6 and 2, respectively. Both cores were sent to the 222-S
Laboratory for analysis. Hydrostatic head fluid (HHF) was used during the sampling
process. In addition to the cores, a field blank and an HHF blank were sent to the 222-S
Laboratory. Chain-of-custody forms were generated for each sample and can be located in
Schreiber (1996).

The push-mode core sampling method was chosen as the most appropriate method to obtain a
vertical profile of the tank waste, as required by the safety screening DQO (Babad and
Redus 1994). Primary safety screening analyses are: total alpha activity to determine
criticality; DSC to ascertain the fuel energy value; TGA to obtain the total moisture content;
and dome vapor surveys to determine flammable gas percent. In addition, comprehensive
ICP/AES, GEA and ion chromatography (IC) analyses were required for selected sub-
segment and composite samples to assess data for compliance with historical requirements,
and as a check for HHF contamination. Sampling and analytical requirements from the
applicable DQOs are summarized in Table 3-1.

3.3.1 Sample Handling

The riser 6 core sample, identified as core 84, was extruded by the 222-S Laboratory
April 10 and 11, 1995. The sample was composed of four separate segments that were
labeled with distinct identification numbers. Segments one through four were identified as
samples 95-073 through 95-076, respectively (with one segment as the top segment in the
tank). No liner liquid or free-standing (drainable) liquid was observed in these segments,
and no extrusion difficulties were encountered.
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Table 3-1. Integrated Data Quality Objective
Requirements for Tank 241-BX-109.1

E ampng Requiements A

Push-mode SAFETY SCREENING Core samples from a Babad and Redus
core P Energetics minimum of two risers (1994)
sampling oMoisture Content separated radially to the

b Total Alpha maximum extent possible.
P- Flammable Gas

HISTORICAL Simpson and McCain
(1995)

PRETREATMENT Kupfer et al. (1995)

Note:
'Schreiber (1995)

The riser 2 core sample, identified as core 85, was extruded by the 222-S Laboratory
April 11, 17 and 18, 1995. The sample was composed of four separate segments that were
labeled with distinct identification numbers. Segments 1 through 4 were identified as .
samples 95-077 through 95-080, respectively. All segments had less than 5 mL of liner
liquid. Drainable liquid was observed in segments 1 and 4.

Table 3-2 describes cores 84 and 85, including segment numbers, phase (solid or liquid),
color, texture, and amount of material recovered. Photos of extruded samples are included
in Appendix C.
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Table 3-2. Cores 84 and 85 Push-Mode Core Sample Description (2 sheets).'

1 95-073 177.04 Recovered 177 g of dark brown solids and no
drainable liquid. Solids were 21.6 cm (8.5 in.) in
length, were soft and maintained shape. Upon
subsampling, cream-colored material was
discovered on the inside of the sample.

2 95-074 402.23 Recovered 48 cm (19 in.) of solids and no
drainable liquid. Lower half solids were dark to
medium brown. Upper half solids were light to
medium brown. All solids were wet, and
maintained shape.

3 95-075 414.68 Recovered 48 cm (19 in.) of solids and no
drainable liquid. Lower half solids were light
brown (tan). Upper half solids were medium
brown with some tan material on the surface. All
solids were soft, wet, and creamy.

4 95-076 402.49 Recovered 48 cm (19 in.) of solids and no
drainable liquid. Lower half solids were medium
brown. Upper half solids were tan. All solids
were soft, wet, and creamy.
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Table 3-2. Cores 84 and 85 Push-Mode Core Sample Description (2 sheets).'

NA ~ N -M X~A~$$4S*iSampl oample afl~4::~<
SeJment I >Weightr(gras Semet .crpt

CWWM =wreWW WWWR WWer
1 95-092 184.82 Recovered 148 g of medium to dark brown solids

and 36 g of drainable liquid. Solids were 20.3 cm
(8 in.) in length, were soft, wet and did not
maintain shape. Drainable liquid was medium
brown.

2 95-093 394.48 Recovered 48 cm (19 in.) of solids and no
drainable liquid. The first 10 to 13 cm (4 to 5 in.)
of solids were light brown, followed by 15 to
18 cmn (6 to 7 in.) of medium brown material. The
remaining solids were medium to dark brown. All
solids were soft, wet, and maintained shape.
Consistency and texture were uniform.

3 95-094 425.88 Recovered 48 cm (19 in.) of solids and no
drainable liquid. Solids were light brown, soft,
wet, and maintained shape. Consistency and
texture were uniform.

4 95-095 392.31 Recovered 317 g and 40.6 to 43.2 cm (16 to
17 in.) of solids and 74.77 g of drainable liquid.
Solids had a creamy consistency and were soft, wet
and maintained shape.

Note:
'Schreiber (1996.)

The field blank was collected on April 17, 1995 and received at the 222-S Laboratory the
next day. A total of 275.69 grams of a clear, colorless drainable liquid was recovered.
There was no liner liquid and no problems were noted during extrusion.

All archiving requirements listed in the tank characterization plan were performed, including
those prescribed to satisfy the pretreatment DQO.
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3.3.2 Sample Analysis

For a safety evaluation, the safety screening DQO requires determination of the total alpha
activity, energetics, water content, and flammable gas. Because HHF was used during the
sampling process, some of the percent water results may be biased high. To determine the
extent of possible HHF contamination, the samples were analyzed for lithium by ICP/AES
and for bromide by IC. Lithium bromide is used as a tracer in the HHF; the HHF should be
the only source of lithium or bromide in the waste.

All segments were split into half-segments for analysis. Each half segment was homogenized
and analyzed separately. The first segments from cores 84 and 85 were not split because
only 21.5 and 20 cm (8.5 and 8 in.) of solids were retrieved. Drainable liquid (free-
standing liquid in the sample matrix) samples from the first'and fourth segments of core 85
were also analyzed.

Composite analyses and ICP acid digestion analyses for core 84 and core 85 segment 3
(lower half) were conducted to meet historical data quality requirements.

Appendix A lists the samples and the analyses performed. Sample procedures are given in
Table 3-3.
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Table 3-3. Analytical Procedures.'

AnlyisIntrmetProceduiet Vrocedbure Ntihifx~+::c a 000*0 0x0N040

Energetics by DSC Mettler' Direct LA-514-113, Rev. B-1
Perkin-ElmerTm LA-514-114, Rev. B-0

Percent water by Mettler' Direct LA-560-112, Rev. A-2
TGA Perldn-ElmerTm LA-514-114, Rev. B-0

Total alpha Alpha proportional LA-549-141, Rev. D-0 LA-508-101, Rev. D-2
activity counter

Flammable gas Combustible gas Direct WHC-IP-0030 IH 1.4
analyzer and H1-2.12

Total organic Coulometer Persulfate oxidation LA-342-100, Rev. C-0
carbon -

Metals by Inductively coupled LA-549-141, Rev. D-0 LA-505-151, Rev. D-2
ICP/AES plasma spectrometer LA-505-161, Rev. A-i

Anions by IC Ion chromatograph LA-504-101, Rev. D-0 LA-533-105, Rev. C-2
LA-533-105, Rev. D-1

Notes:
N/A = Not applicable
Rev. = Revision

Mettler"' is a registered trademark of Mettler Electronics, Anaheim, California.
Perkin-Elmer" is a registered trademark of Perkins Research and Manufacturing Company, Inc.,
Canoga Park, California.

'Schreiber (1995)
'Safety Department Administrative Manuals;

IH 1.4, Industtiial Hygiene Direct Reading Instrument Survey
IH 2.1, Standard Operating Procedure, MSA Model 260 Combustible Gas and Oxygen
Analyzer.
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4.0 ANALYTICAL RESULTS

4.1 OVERVIEW

This section presents the analytical results associated with the sampling of tank 241-BX-109.
The required analyses are based on the DQO process. The DQOs that govern the samplingand subsequent sample analysis for tank 241-BX-109 are Tank Safery Screening Data Quality
Objective (Babad and Redus 1994), Historical Model Evaluation Data Requirements
(Simpson and McCain 1995), and Interim Data Quality Objectives for Waste Pretreatment
and Vitrification (Kupfer et al. 1995).

Analyses were performed on the half-segment level, with the exception of the first segment
from cores 84 and 85, which were not subdivided and considered whole segments. Table4-1 details the tabulated location of data within this document.

Table 4-1. Data Locations.

Percent moisture Tables 4-2 and 4-3
Energetics Table 4-4
Flammable gas Table 4-10
Anions/IC Table 4-5
Cations/ICP Tank 4-6
1995 analytical data set Appendix A
Hydrostatic head fluid contamination check data Table 4-7 through 4-9 and Appendix B

An overall mean was calculated for all analytes by averaging concentration values for thecore samples obtained from risers 6 and 2. The results for each sample and duplicate pair
were averaged, giving a half-segment mean. The half-segment means were then averaged toobtain a segment mean, and the segment means were averaged to obtain a core mean. The
two core means were then averaged to obtain an overall tank mean. Individual sample
results and their respective duplicate results are reported in Appendix A of this report, while
only a mean value and a relative standard deviation (RSD) for each sample are reported in
this section.
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In addition to the overall mean, a projected tank inventory was calculated. The projected
inventory is the product of the concentration of the analyte, the amount of waste in the tank
(730 kL) (Hanlon 1996), and the average core composite bulk density (1.48 g/mL)
(Table A-53).

4.2 RADIONUCLIDES/TOTAL ALPHA

The total alpha analyses were performed on a fusion digested sample with an alpha
proportional counter according to procedure LA-508-101, Rev. D-2. All total alpha results
were well below the DQO notification limit of 41.0 pCi/g. The overall tank average for
total alpha was < 4.46E-02 pCi/g. The highest observed value of any sample or duplicate
was 0.138 tzCi/g for sample number S95T000787 (core 85, lower half of segment 2). The
upper limit to a one-sided 95 percent confidence on the mean was 0.424 pCi/g. Appendix A
presents the data for total alpha from tank 241-BX-109. The table identifies the sample by
number, core, segment, and segment portion. Quality control problems were noted in
Schreiber (1996). However, corrective actions were not requested for any of these analyses
because of the low alpha activities compared to the notification limit. Further discussion of
quality control tests and results can be found in Section 5.1.2.

Gamma isotopic analyses and Strontium -89/90 analyses were also conducted. Cesium-137
was detected at an average concentration of 12.9 /Ci/g and the strontium-89/90 concentration
was 178 IcCi/g. All other radionuclides were below analytical detection limits.

4.3 THERMODYNAMIC ANALYSES

Physical analyses required by the tank characterization plan (Schreiber 1996) included TGA
and DSC. Bulk density was performed on core composites. Percent solids, particle size,
and rheology were neither requested nor performed.

4.3.1 Thermogravimetric Analysis

In TGA, the mass of a sample is measured while its temperature is increased at a constant
rate. Any decrease in the weight of a sample represents a loss of gaseous matter from the
sample either through evaporation or through a reaction that forms gas phase products.

Weight percent (wt%) water by TGA was performed under a nitrogen purge using procedure
LA-560-112, Rev. A-2, and LA-514-114, Rev. B-0. Analytical results satisfied the safety
screening DQO requirement of greater than 17 percent moisture for all samples. The overall
average for the tank solids was 50.3 wt% water, with an overall RSD of the mean of
3.8 percent. Although no calculations of the 95 percent confidence interval lower limit have
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been performed, out of 32 samples none yielded percent water results below the notificationlimit. The lowest percent water result was 43.7 percent, from sample number S95T000789(core 85, upper half of segment 2). Results for the solids TGA are presented in Table 4-2.

Table 4-2. Solids Thermogravimetric Analysis Results for Tank 241-BX-109 (2 sheets).'

I 
Are 84 R sert6

078 3 (Lwr af 2-2 R49.52dt 4867 49
Y74 4~&YV (Lower (Palf) 2322 47.98C48.87%48.42

~ThtN%> ' Lt~ThCore 8, Rser> 2 *'~*~~

VS4 . ......

1325 Core Composite 30-180 51.23 50.564 50.94
0759 1 Whole 30-160 48.07 49.92 4.07
0762 2 (Lower half) 30-240 51.17 5.8 503
0765 2 (Upper hal2) 25-218 50.5 50.03 50.41
0768 3 (Lower half) 28-220 149.52 48.67 4.0
0771 3 (Upper half) 30-210 48.91 49.02 4.97
0774 4 (Lower half) 23-228 47.98 48.87 4.4
0777 4 (Upper halt) 30-185 52.78 52.92 5.85

Mean t% waer =0.73%

'Schreibr4(7996

46 2oAre Coosie 30-180 5 .23 50.5580
089 2 (Upper half) 30-220 50.6b 4.
0847 4 (Lower half) 30-190 5125.35.4
0850 4 (Upper half) 30-105.6 5.35.5(90)

Mean wt% water =5*%

Relative standard deviation of the mean =3.8 %

Notes:
'Schreiber (1996)
'Average does not include core composites
3HHF correction made using bromide concentrations (Schreiber 1996).
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Drainable liquid was found in segments 1 and 4 of core 85. However, the liquid in
segment 4 was determined to be entirely due to HHF intrusion (see Section 5.1.2). As a
result, these values are not included in Table 4-3 or in average water content values for
drainable liquids. The average for the drainable liquid (free-standing liquid in the sample
matrix) in segment 1 samples was 60.1 wt% water. Drainable liquid results are provided in
Table 4-3 and Appendix A.

Table 4-3. Drainable Liquid Thermogravimetric Analysis Results for Tank 241-BX-109.1
TA eniperature . *.&~44*

Samle ang Reulf Dupiat Mean

0783 185 1 67.45 57.73 62.59
Mean wt% water = 62.59%

Note:
1Schreiber (1996)

4.3.2 Differential Scanning Calorimetry

In DSC analysis, heat absorbed or emitted by a substance is measured while the substance is
exposed to a linear increase in temperature. The onset temperature for an endothermic
(characterized by or causing the absorption of heat) or exothermic (characterized by or
causing the release of heat) event is determined graphically.

Analyses by DSC were performed under a nitrogen atmosphere using procedure LA-514-113,
Rev. B-I, using a MettlerlA Model 20 differential scanning calorimeter, and procedure
LA-5l4-114, Rev. B-0, using Perkin-ElmerlA equipment. No exothermic reactions were
observed. No problems with quality control were ndted.

The DSC results are presented in Table 4-4. The sample weight, temperature at maximum
enthalpy change, and the magnitude of the enthalpy change are provided for each transition.
The first transition represents the reaction associated with the evaporation of free and
interstitial water. Positive enthalpy changes in.Table 4-4 represent endothermic processes.
The second transition probably represents the energy (heat) requit~ed to remove bound water
from hydrated compounds such as aluminum hydroxide or to melt salts such as sodium
nitrate.
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Table 4-4. Differential Scanning Calorimetry Results for Tank 241-BX-10912 .

MOMMO coo 48oo .. ..MS.s OENht -eak (Pk AI k ifid

Nmber ___me __(Pr .k Ru fl(m4 % (*C)b Qio ) C3Jg nsCto/g)

1325 Core Composite 1 12.08 119.1 1237.4 289.1 31.1

2 14.41 114.9 1074.4 289.0 28.9

0759 1 (Whole) 1 16.06 119.8 1300.5 284.9 44.3

2 27.94 117.3 1090.3 284.6 83

0765 2 (Upper halo 1 13.97 118.1 887.6 289.7 13.7

2 14.32 118.1 978.6 287.1 26.5

0762 2 (Lower half 1 18.77 121.6 1324.3 288.7 43

1C 2 15.64 120.0 1267.2 288.9 31

0771 3 (Upper halo) 1 9.46 102.8 845.5 290.1 21.9 379.2 139.2

2 122.6. 121.2 1076.9 290.5 23.9 .

0768 3 (Lower hal) 1 10.68 101.6 815.8 290.4 36.4 386.2 40.5

2 10.07 107.7 825.9 277.2 35.9

0777 4 (Upper half) 1 10.16 105.4 1183.7 291.0 52.5

2 9.01 103.7 1195.9 291.1 53.0

0774 4 (Lower half) 1 10.55 108.2 994.9 292.9 24.7

2 10.74 114.3 1018.1 292.1 31.0

th

C,,

Li'
-3
t~)

C

(3 Sheets)



Table 4-4. Differential Scanning Calorimetry Results for Tank 241-BX-1091' 2.

$~nsto%2 Ic.. WIN~J34

'RT Peak A Peak M Peak < w
Nubrteme.(P>*o u (m ig) C ( C ( C

1468 Core Composite 1 12.12 105.1 1291.3 284.9 47.9

2 20.35 121.5 1143.9 284.7 48.6

0780 Whole Segment 1 8.97 115.4 1285.1 283.1 59.3

2 9.43 113.3 1212.1 283.1 51.6
0789 2 (Upper-half) 1 9.17 115.6 1335.3 285.1 57.0

2 10.27 132.8 1139.8 285.1 -46.1

0786 2 (Lower half) 1 8.36 137.5 870.4 285.0 48.7

2 12.57 115.0 1270.9 285.0. 45.5
0839 3 (Upper half) 1 21.39 119.3 1137.9 284.8 32.3

2 15.25 117.8 1232.3 284.8 32.4

3 (Lower hal) 1

2
14.97

18.60

120.5 1166.8 287.0

121.7 11206.8 286.8

32.1

34.0
0850 4 (Upper hal) 1 29.96 119.3 1156.6 284.7 31.5

2 33.51 109.3 1113.1 284.5 28.1

a'

9
C,,

hi

(A
-3

Cu

0

(3 Sheets)
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Table 4-4. Differential Scanning Calorimetry Results for Tank 241-BX-109. 2. (3 Sheets)

Nube S> .pc&, o o ) Ron (cCl (>C)

~~~ Core o.YRis&.
0847 4 (Lower hal) 1 17.98 115.9 1049.9

2 20.35 117.3 1235.0
0783 1 (Drainable 1 14.56 118.4 1292.7

liquid) 2 13.78 116.8 1224.6

>W,

285.0 34.5

284.8 30.6

284.2

282.5

27.7

24.6

-

Tr~ank x '<A3"C <i

Note:
'Schreiber (1996)
2Positive enthalpy changes represent endothernic processes.
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4.3.3 Bulk Density/Specific Gravity

Measurements of bulk density were performed on composite samples from core 84 and
core 85. For core 84, the bulk density was 1.46 g/ml. A value of 1.5 g/ml was found for
core 85. The average specific gravity results of the two drainable liquid samples from
core 85 were 1.035 and 1.268.

4.4 ION CHROMATOGRAPHY ANALYSIS

A summary of the results for this analysis is provided in Table 4-5. The full data set can be
found in Appendix A.

The overall means, RSDs, and projected inventories given in Table 4-4 were taken from
Appendix A. The overall means were derived by weighting each segment and core equally.
The projected inventories were calculated using the composite density of 1.48 g/mL and a
solid waste volume of 730 kL (193 gal) (Hanlon 1995). As expected, high concentrations of
nitrate, nitrite, phosphate and sulfate were found (> 10,000 pg/g). Nitrate appears to make
up about 20 wt% of the waste. The nitrate/nitrite ratio is about 10:1.

Table 4-5. Ion Chromatography Analytical Results.1

~janai Dt(t' n)

Chloride 1.32E+03 6.2 1.46E+03
Fluoride <5.28E+02 N/A <5.73E+02

Nrae1.93E+05 6.4 2.10E+05

Ntie1.81E+04 12.7 1.96E+04
Phosphate 2.52E+04 11.0 2.72E+04

Sfae1.76E+04 6.5 1.90E+04

Note:
1Scbreiber (1996)
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4.5 INDUCTIVELY COUPLED PLASMA (ICP) ANALYSIS

Metals/cations were detected using ICP analyses.' Results for cations required by historical
requirements or critical to mass balance calculations are provided in Table 4-6. Nickel was
also detected at significant concentrations, but was not included because a nickel crucible was
used for ICP fusion tests. The full suite of ICP analytes and results is included in
Appendix A.

The overall means, RSDs and projected inventories given in Table 4-6 and Appendix A were
derived as specified in Section 4.4.

Table 4-6. ICP Analytical Results'

f .... .~ .. .7 ... S ... .. ~ ~ ~ t<V . *~Analte Oera Mea RS (Men) rojetedInventor

.. .......... . ... ... J- ... . . . . . . . . . .

'-Xql M -* * . .......Aluminum 2.48E+03 47.8 2.68E+03
Calcium 3.03E+03 32.3 3.14E+03
Chromium 1.37E+02 11.8 1.47E+02
Iron 2.19E+04 8.9 2.38E+04
Phosphorous 2.08E+04 7.9 2.25E+04
Sodium 1.05E+05 2.6 1.13E+05
Sulfur 6.28E+03 1.2 6.78E+03

Uranium 1.42E+04 24.0 1.53E+04

Note:

Schreiber (1996).

4.6 ANALYSIS FOR HYDROSTATIC HEAD FLUID CONTAMINATION

Water was used as a hydrostatic head fluid (HHF) in the acquisition of core 84 and 85.
Lithium bromide was added to the HHF to act as a tracer. Composite and segment analyses
for lithium were performed in accordance with the sampling and analysis plan
(Schreiber 1995) to detect contamination of the waste samples with HHF. Analytical data
are shown in Appendix D.
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4.6.1 Lithium

Lithium was analyzed by ICP using procedures LA-505-151, Rev. D-2, and LA-505-161,
Rev. A-1. Samples were prepared in accordance with procedure LA-505-151. Four of the
tank 241-BX-109 lithium samples shown in Table 4-7 have lithium results or detection limits
that exceeded the notification limit of 100 ptg/g specified in the sampling analysis plan
(Schreiber 1995, Appendix A). The analytical results for lithium are presented in
Appendix B. Note that no projected inventory was calculated for lithium. This is because
lithium is not a constituent of the waste, but is an artifact of sampling operations.

Due to the potential incursion of HHF into these samples, bromide was requested as a
secondary analysis.

Table 4-7. Tank 241-BX-109 Li Samples That Exceeded Notification Limits.

WS .>, $.4>vo

S95T000851 C85 S4 Upper Half 166.8

S95T000854 C85 S4 Drainable Liquid 1,550

S95T001329 C84 Composite <228

S95T001471 C85 Composite <390

4.6.2 Bromide

Bromide was analyzed by IC using procedure LA-533-105. Bromide analyses are required
when lithium results exceed the notification limit listed in. Schreiber (1995). Composite
sample analyses and segment analyses are included in Appendix A. Bromium results for
samples where Li notification levels were exceeded are shown in Table 4-8. Both core
composites produced results that were below the detection limit. However, because of
dilution factors used during these analyses, the bromium detection limits were higher than the
bromide notification limit of 1,200 pg/g. To determine whether HHF intrusion occurred
with these samples, a bromide concentration for the core composites was extrapolated froni
the IC calibration curve (Schreiber 1996). Results are included in Table 4-8.

As can be seen by the results in Table 4-8, segment 4 of core 85 was contaminated by the
HHF used during the push-mode core sampling process. In fact, the drainable liquid sample
from core 85, segment 4 is mostly HHF (the concentration of Br in the HHF blank was
23,600 gg/ml), indicating that the results from this subsegment are highly suspicious.
Because the HHF added water to these samples, corrections to the TGA results were made
for lithium and bromide results, and are reported in Table 4-9. It should be noted that
lithium may precipitate out of solution, giving a biased low result.
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Table 4-8. Tank 241-BX-109 Br Samples That May Have HHF Contamination.

~ . ~ AversgeBr~ *Estrapelated

S95T001000 C85 S4 Upper Half 2,420 2,420

S95T001001 C85 S4 Drainable Liquid 22,000 22,000

S95T001326 C84 Composite <6,600 0

S95T001469 C85 Composite <2,710 1,035

Table 4-9. Correction to TGA Results Due to HHF Contamination.

' .....Kk t .t ~..~k.+o' ~ r. .n ~~p~~~
C.rrecte TG LCorrected TGA

Sapl .O4&~rizinal TGA~ Result Dased4 onzX4 Li Result nasea on
Nube %Cre'gmnaRejt Results r Resu*t

S95T000850 C85 S4 UH 54.05% 49.8% 49.0%

S95T000853 C85 S4 DL 87.63% 48.6% 0%

4.7 HEADSPACE VAPOR SAMPLING

A vapor survey was conducted in April 1996 to analyze headspace vapors below the riser.
Results from the survey are shown in Table 4-6. The results show that gas concentration
was at 0 percent of the lower flammability limit.

Table 4-10. Headspace Vapor Survey Results

LFL headspace 0%

TOC (headspace) 1.7 ppm

NH 3 (headspace) 20 ppm

Notes:
LFL = lower flammability limit
TOC = total organic carbon
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5.0 INTERPRETATION OF CHARACTERIZATION RESULTS

The purpose of this chapter is to evaluate the overall quality and consistency of the available
characterization results for tank 241-BX-109 and to assess and compare these results against
historical information and program requirements.

5.1 ASSESSMENT OF SAMPLING AND ANALYTICAL RESULTS

This section evaluates sampling and analysis factors that may impact interpretation of the
data. These factors are used to assess the overall quality and consistency of the data and to
identify any limitations in the use of the data.

5.1.1 Field Observations

The safety screening DQO (Babad and Redus 1994) requirement that at least two widely
spaced risers be sampled was fulfilled. Sample recovery was good for all segmeits from
both risers. HHF intrusions above notification limits are identified in Section 4.6. It was
determined that all of the drainable liquid in core 85, segment 4 was due to HHF intrusion
(see Section 4.6).

5.1.2 Quality Control Assessment

The quality control assessment includes an evaluation of the four quality control checks
(blanks, duplicates, spikes, and standards) performed in conjunction with the chemical
analyses. This section provides only a general evaluation and summary of some key safety
areas. The original data report (Schreiber 1996) should be consulted for more detailed
quality control information. The Sampling and Analysis Plan (Appendix A of
Schreiber 1995) establishes the specific accuracy and precision criteria for the four quality
control checks. Samples that had one or more quality control results outside of the criteria
have been flagged in Appendix A.

Several quality control results for the total alpha activity standard and spike recoveries were
outside the quality control criteria. However, because the average of the results for all of
these samples were orders of magnitude lower than the notification limits, no reruns were
requested, and alpha activity was determined to be well below criticality notification levels
(Schreiber 1996).

The precision (estimated by the relative percent difference [RPDJ, defined as the absolute
value of the difference between the primary and duplicate samples, divided by their mean,
times one hundred) for the safety screening analytes also exceeded the limits for a few
samples. There were no RPDs for DSC because there were no exothermic reactions.
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Petcent water had 3 results exceeding the RPD criterion, and total alpha activity had 2
results outside the limits. No reruns were performed on these samples because they were
below the notification limits and no exotherms were detected. The total alpha activity
violations were attributed to analyte concentrations near the detection limits (Appendix A).
High precision is difficult to achieve when analyte concentrations are low, and thus RPD
results are not meaningful.

Preparation blanks are used to identify any sample contamination that was introduced in the
laboratory during the process of sample breakdown, digestion, and dilution. High bromium
concentrations were detected, indicating HHF intrusion. Other than this, blank results
indicated that contamination was not a prbblem.

Quality control results for IC and ICP analyses are included in Appendix A. Although some
violations for standard recovery, spike recovery and RPD limits occurred (see Appendix A),
all standards conducted were within the defined criterion. As with the safety screening
analytes, several of the violations were attributable to the analytical results being near the
detection limit.

Additional information is included in Schreiber (1996).

5.1.3 Data Consistency Checks

Comparisons of different analytical methods were conducted to assess the consistency and
quality of the data. Data consistency checks included: radionuclide checks, comparing sulfur
and phosphorous concentrations as determined by ICP/AES with sulfate and phosphate as
measured by IC, and calculation of a mass and charge balance.

5.1.3.1 Comparison of Radionuclide Analyses. Gross beta composite analyses were
compared with the sum of 117 Cs and twice "'"Sr composite analys'es. As shown, the gross
beta results for core 84 were within 1 percent of the sum of 'Cs and twice '81 Sr results.
Average core results were within 13 percent because a larger discrepancy was noted for
core 85.

5-2

Core 84 Core 85
1"Cs 14.25 13.55

"'9Sr x 2 362 350

'7Cs + '"Sr x 2 376 364

Gross beta 373 320
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Total alpha/plutonium-americium checks were not possible because plutonium was not
analyzed separately. However, GEA results suggest alpha activity can be attributed solely to
plutonium (i.e., no "Am was detected).

5.1.3.2 Comparison of ICP Sulfur and IC Sulfate Analyses. When the ICP sulfur results
were converted to sulfate and compared to the ion chromatographic sulfate result shown
below, the results differed by only 7 percent. This indicates that the sulfur is likely 100
percent soluble as the SO 4 ion.

S04 ICP = 6,280 (SlCP) x 3.0 (SO 4:S atomic mass ratio) = 18, 840 gg/g

S0 4IC = 17,600 pg/g.

5.1.3.3 Comparison of ICP Phosphorus and IC Phosphate Analyses. When the ICP
phosphorus results were converted to phosphate and compared to the ion chromatographic
phosphate result, the results differed by 60 percent. This indicates that the phosphate is
40 percent soluble. For purposes of the mass and charge balance, the other 60 percent of the
phosphorous was assumed to be in the form of calcium phosphate and iron phosphate.

P0 4 1cp 20,800 (Pc) x 3.06 (PO4:P atomic mass ratio) = 63,650

P0 41C = 25,200.

5.1.3.4 Comparison of ICP Uranium and Uranium by Phosphorescence. No
discrepancies between these methods were observed within the uncertainty of these methods.
The ICP value for uranium will be used in the mass balance and summary tables to be
consistent with other analyte-based calculations.

5.1.3.5 Mass and Charge Balance. The principal objective in performing a mass and
charge balance is to determine if the measurements are consistent. In calculating the
balances, only sludge phase analytes listed in Tables 5-1 and 5-2 were considered because
these analytes were all present at concentrations > 1,000 pg/g. Nickel was also found at
> 1,000 pg/g, but was not included because a nickel crucible was used for analyses.

The normal assumption, that all cations except sodium are present in their most common
hydroxide or oxide forms, resulted in calculating a low anion-to-cation ratio and did not
appear to adequately account for non-soluble phosphates. As a result, it was assumed that
calcium and iron are present as calcium phosphate and iron phosphate. Other analytes
identified in Table 5-1 were assumed to be present in their most common hydroxide or oxide
form. Concentrations of the assumed species were calculated stoichiometrically. There may
be some argument whether or not certain species are hydroxides or oxides, but the difference
in molecular weight has a minimal effect on the overall mass balance. Although smaller
concentrations of other forms of the species are also present in the waste, they are not
included in order to keep the mass-charge balance calculations simple and consistent.
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Because precipitates are neutral species, all positive charge was attributed to the sodium
cation. The anionic analytes listed in Table 5-2 Were assumed to be present as sodium or
potassium salts and were expected to balance the positive charge. Estimated acetate
concentrations were derived from the total organic carbon analyses. The concentrations of
the assumed species in Table 5-3, of the anionic species in Table 5-2, and the percent water
were used to calculate the mass balance, shown in Table 5-3.

The mass balance was calculated from the following formula. The factor 0.0001 is the
conversion factor from pjg/g to weight percent.

Mass balance = % Water + 0.0001 x {Total Analyte Concentration}
= % Water + 0.0001 x {Al(OH)3 +Ca 3(PO4) 2+Fe 3(PO4) 2 +

+U 30 8 +Na+ + CY+NO+NO2+Po 4
3 + SiO2-3 +SO2-4 + C2H30 2}.

The analyte concentrations from the preceding equation totaled 442,650 pg/g. The mean
weight percent water in the sludge was determined to be 50.3 percent. The mass balance
resulting from adding the percent water to the total analyte concentration is 94.4 percent.

Table 5-1. Cation Mass and Charge Data.'

~ ~- ~ 4~t~a~ $>h~.&.,~> ~Concentratzin oitf

Calcium 2910 Ca3(P 4)2  22,553 0

Iron 22,000 Fe3(P 4)2  134,200 0

Sodium -105,000 Na* 105,000 4,565

Uranium 14,200 U308  32,319 0

Totals 300,286 4,565

Note:

'Schreiber (1996)
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Table 5-2. Anion Mass and Charge Data.'

AnY ye pg )Chanrget(ymbl/ )

Chloride 1,320 37
Nitrate 194,000 3,129
Nitrite 18,100 393
Phosphate 25,200 796
Silicate2  2,001 53
Sulfate 17,600 . 366
TOC 1,001 17
Totals 259,233 4,791

Notes:
'Schreiber (1996)
2Calculated from ICP data

Table 5-3. Mass Balance Totals.

The charge balance is the ratio of total cations (microequivalents) to total anions (micro
equivalents) with respect to the species listed below, which were assumed to be water
soluble.

Total cations (microequivalents) = Na+/23.0

5-5

Total from Table 5-1 300,286

Total from Table 5-2 259,233

Water 503,000

Grand Total 1,062,519
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The total cation charge, 4,565 pmol/g, is calculated in Table 5-1.

Total anions (microequivalents)
= Cl-/35.5+NO;/62.0+NOi/46.0+P 4

3 /31.7+SiO3
2 /38.0+S04/48.0

The total anion charge, 4,791 gmol/g, is calculated in Table 5-2.

The ratio of microequivalents of total cations to microequivalents of total anions was 0.95; a
perfect charge balance would yield a ratio equivalent to 1.00. The slightly lower cation
charge may be due to neglecting K'.

The charge and mass balance results (95 and 1.06 percent recovery respectively) demonstrate
good agreement among analyses when considering the uncertainty in the assumptions and
numerous measurements that are used to arrive at the values. These results indicate that no
large data inconsistencies or errors are present, and all major components have been analyzed
and evaluated.

5.2 COMPARISON OF ANALYTICAL RESULTS FROM
DIFFERENT SAMPLING EVENTS

Due to the lack of any historical sampling data, no comparisons between current and
historical analytical results were possible.

5.3 TANK WASTE PROFILE

In April 1995, core samples were obtained from two widely spaced risers to obtain a vertical
profile of the waste (Schreiber 1995). No problems were encountered during the sampling
and extrusion, and sample recovery was good. Homogenization difficulties are often a cause
of data variability; however, no homogenization problems were noted. A vertical profile was
obtained from both risers, satisfying the sampling objective and allowing a statistical
assessment of the vertical (and horizontal) distribution of the tank waste for several analytes.
Information on the vertical disposition of the waste was also available from the TLM (Agnew
et al. 1996) (Figure 2-3). According to the TLM, the waste is composed mostly of UR/TBP
waste.

A statistical analysis of variance (ANOVA) was conducted on the core sample results in
order to determine whether there were vertical variations in the analyte concentrations. The
ANOVA model used was a random effects nested model, and only those analytes that had at
least half of their individual measurements above the detection limit were analyzed. The
ANOVA generates a p-value that is compared with a standard significance level (a = 0.01).
If a p-value is below 0.01, there is sufficient evidence to conclude that the sample means are
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The total cation charge, 4,565 jzmol/g, is calculated in Table 5-1.

Total anions (microequivalents)
= C1/35.5+±NO;/62.0+NO/46.0+PO4

3 131.7+SiO3/38.0+S02/48.0

The total anion charge, 4,791 pmol/g, is calculated in Table 5-2. -

The ratio of microequivalents of total cations to microequivalents of total anions was 0.95; a
perfect charge balance would yield a ratio equivalent to 1.00. The slightly lower cation
charge may be due to neglecting K*.

The charge and mass balance results (95 and 1.06 percent recovery respectively) demonstrate
good agreement among analyses when considering the uncertainty in the assumptions and
numerous measurements that are used to arrive at the values. These results indicate that no
large data inconsistencies or errors are present, and all major components have been analyzed
and evaluated.

5.2 COMPARISON OF ANALYTICAL RESULTS FROM
DIFFERENT SAMPLING EVENTS

Due to the lack of any historical sampling data, no comparisons between current and
historical analytical results were possible.

5.3 TANK WASTE PROFILE

In April 1995, core samples were obtained from two widely spaced risers to obtain a vertical
profile of the waste (Schreiber 1995). No problems were encountered during the sampling
and extrusion, and sample recovery was good. Homogenization difficulties are often a cause
of data variability; however, no homogenization problems were noted. A vertical profile was
obtained from both risers, satisfying the sampling objective and allowing a statistical
assessment of the vertical (and horizontal) distribution of'the tank waste for several analytes.
Information on the vertical disposition of the waste was also available from the TLM (Agnew
et al. 1996) (Figure 2-3). According to the TLM, the waste is composed mostly of UR/TBP
waste.

A statistical analysis of variance (ANOVA) was conducted on the core sample results in
order to determine whether there were vertical yariations in the analyte concentrations. The
ANOVA model used was a random effects nested model, and only those analytes that had at
least half of their individual measurements above the detection limit were analyzed. The
ANOVA generates a p-value that is compared with a standard significance level (a = 0.01).
If a p-value is below 0.01, there is sufficient evidence to conclude that the sample means are
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Figure 5-1.
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Table 5-4. Comparison of UR/TBP Waste Type with 1995, Segment 3, Upper Half
Analytical Results for Tank 241-BX-109. (2 Sheets)

~~sts~ Type URl TB <>;Thresbo d #% Se~fleAt 3 Setmnt

. ............ 
I * ~66.~: N ~.~

A a H. s ( C ......... ...4 .

Carbonate 23,332 2,333 -- -

Chloride 2,526 256 1,410 1,400

Fluoride -- -- -- --

Nitrate 103,244 10,324 208,000 202,000

Nitrite 12,915 1,292 17,100 20,500

Phosphate 8,601 860 68,850 66,708

Sulfate 9,476 948 18,900 18,500
Silicate -- -- -- --

... 1.- - .. I" . Ic >t .. -- ... U - - :
M. &x WA~4

C~4 .2y~

Aluminum - 885 693

Bismuth -- -- - --

Calcium 10,513 1,051. 4,770 1,980

Chromium 115 11.5 169 112

Iron 66,801 6,680 27,900 24,100

Lanthanum -- -- -- --

Lead - --

Manganese

Mercury - -

Nickel 65 6.5 4,860 5,150

Potassium 470 47 -- --

Sodium 62,431 6,243 110,000 128,000

Strontium -- -- --

Uranium 25,287 2,529 21,700 16,600
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Table 5-4. Comparison of UR/TBP Waste Type with 1995, Segment 3, Upper Half
Analytical Results for Tank 241-BX-109. (2 Sheets)

T:ypr<I UC r/Tm TrhodS me 3 egment 3
W*

An alyte <.. Waste ~ ~ (1O1 4m) '~Core 54~Y C4 re <

PHYICA % ~ ~ .a J% 7%. % :wV <

Percent Water 63.84 6.38 48.97 51.34

Notes:

-- = Analyte was below detection limits, not analyzed for, or assumed negligible.

'Agnew et al. (1995). UR waste is tributyl phosphate waste from the solvent based uranium recovery
operations in the 1950s.

particularly low for phosphate and nickel. Some of the nickel found in the 1995 analyses
may be due to the use of a nickel crucible during ICP fusion analyses. Calcium and iron
HDW estimates were higher than the analyses. These differences suggest a source term
discrepancy between the flow sheets and the actual plant process.

Comparisons of core composite concentrations with TLM estimates were especially low
(> 50%) for nitrate, khosphate, sulfate, and nickel (Table 5-5). TLM estimates were more
than 50% higher than core composite concentrations for calcium and iron.

5.5 EVALUATION OF PROGRAM REQUIREMENTS

Tank 241-BX-109 is classified as a non-Watch List tank. This section details the data needs
as defined in Tank Safety Screening Data Quality Objective (Babad and Redus 1994),
Historical Model Evaluation Data Requirements (Simpson and McCain 1995), and Strategy
for Sampling Hanford Site Tank Wastes for Development of Disposal Technology
(Kupfer et al. 1995), and determines whether tank 241-BX-109 has been appropriately
categorized concerning safety issues. The safety screening DQO establishes decision criteria
or notification limits for concentrations of analytes of concern. The decision criteria are used
to assess tank safety and determine if further investigation is warranted. If results from one
of the primary analyses exceed any of the decision criteria, further analyses are conducted to
assure the safety of the tank (Babad and Redus 1994).
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Table 5-5. Comparison of TLM Estimates with Core Composite
Results for Tank 241-BX-109. (2 Sheets)

AE s C..m...... C mpo is

Carbonate 19,800

Chloride 2,170 1,260 1,220

Fluoride 494 -- -.

Nitrate 89,400 222,000 203,000

Nitrite 12,300 18,000 20,200

Phosphate 18,500 67,932 66,708

Sulfate 8,570 19,300 18,300

Silicate 191 -

MEA S pg/ <t:g/gs~~

Aluminum 3,150 1,550 2,260

Bismuth 1,250 --

Calcium 9,020 2,460 5,610
Chromium 127 --

Iron 57,100 20,400 22,500

Lanthanum -

Lead --

Manganese ----

Mercury 1.58 -- -

Nickel 65.2 4,860 5,150

Potassium 407 -- --

Sodium 63,200 113,000 115,000

Strontium -- 570 670

Zirconium 86.8 - --

Uranium 21,100 17,400 18,600
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Table 5-5. Comparison of TLM Estimates with Core Composite
Results for Tank 241-BX-109. (2 Sheets)

TM CoM*4Cre8Ana____y__e Es____m____s Cmposite~~ 4CmpasxVt

PR PERTtiE

Percent water 57.9 50.94 50.79

Notes:
-- = Analyte was below detection limits, not analyzed for, or assumed

negligible.

'Agnew (1996)

Table 5-6. Safety Screening DQO Decision Variables and Criteria.

SR .nay e n C

Ferrocyanide/ Total fuel content -481 J/g No exotherms
Organics . (115 calories/gram)
Organics - Percent moisture 17 wt% Mean = 51.1

Lowest value = 43.7
Criticality Total alpha 1 g/L (41.0 gCi/g)1  Mean = 0.045 ACilg

Highest value = 0.138
. pCi/g

Flammable Gas Flammable gas < 25% of LFL 0%

Note:
'To convert g/L to pCi/g for total alpha, it was assumed that all alpha decay alpha decay originated
from 'Pu. Assuming a density of 1.5 g/ml and specific activity of "'Pu (0.0615 Ci/g) the conversion
is as follows:

14 (-L-) (_im5 ~0 ) (- 10 h iCI) 41.0 ±CLL 10' ml 1.5 2 Ig I Ci d&nsity g
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5.5.1 Safety Evaluation

The primary analytical requirements identified in the safety screening DQO for a safety
evaluation were energetics, total alpha activity, moisture content, and flammable gas
concentration. The 1995 core sampling event and 1996 vapor survey are expected to meet
all the requirements of this DQO. The requirement that a vertical profile of the tank be
obtained from at least two widely spaced risers was also met. Table 5-6 lists the safety
issue, the applicable analytes, their notification limits, and their analytical results.

The waste fuel energy value was determined by DSC. No exothetmic reactions were
observed in any of the 1995 safety screening samples.

Large amounts of moisture reduce the potential for propagating exothermic reactions in the
waste. All of the primary and duplicate samples for percent water were above the 17 percent
criterion as determined by TGA, with a mean concentration of 50.3 percent.

The potential for criticality can be assessed from the total alpha activity. None of the
individual samples from the 1995 data contained total alpha activity greater than 0.138 pCi/g,
and the mean result was 0.045 pCi/g. The highest upper limit to a one-sided 95 percent
confidence interval on the mean was 0.424 pCi/g. This is well below the safety limit of
41.0 pCi/g or 1 g/L, as specified in the safety screening DQO (see footnote 1 of Table 5-6).

The flammability of the gas in the headspace of the tank was assessed based on a vapor
survey. Only 1.7 ppm total organic carbon was detected and ammonia concentrations were
20 ppm. The concentration of gases was determined to be at 0 percent of the lower
flammability limit.

Another factor in assessing the safety of the tank waste is the heat generation and
temperature of the waste. Heat is generated in the tanks from radioactive decay. Based on
current analyses of cesium and strontium, the tank heat load produced by radioactive decay is
calculated to be 1.35 kW (4,600 Btu/hr). This is below the criterion of < 11.7 kW
(39,960 Btu/hr) that separates a high- from a low-heat load tank (Bergmann 1991). Because
an upper temperature limit was exhibited (Section 2.4.2), it may be concluded that any heat
generated from radioactive sources throughout the year is dissipated.

5.5.2 Historical Evaluation

This DQO was met by collecting and analyzing core samples as specified in the Sampling
and Analysis Plan for fingerprint analytes identified in Simpson and McCain (1995). The
fingerprint analytes for tank 241-BX-109 were sodium, iron, H20, sulfate, and uranium. All
of these analytes were found at threshold levels exceeding 10 percent of the HDW and passed
the historical "Gateway" analysis. The lower half of segment 3, core 85 was re-analyzed in
compliance with historical requirements. Analyses included total beta and strontium 89/90,
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bulk density, total inorganic carbon, total organic carbon and ICP acid digestion analyses of
water soluble analytes. Results for these analyses are included in Appendix A. In general,
the historical evaluation showed acceptable comparison with most'analytes in the UR waste
type but not the tank model estimates. Substantial source term discrepancies were noted in
several cases for the TLM comparison that were not as pronounced in the HDW. This
behavior suggests an internal model flaw occurring when the tank estimates are generated.
Variations and statistical comparisons are discussed in Section 5.4 and Appendix E.

5.5.3 Pretreatment Evaluation

This requirement was met by sending samples to Los Alamos National Laboratory for future
analysis to characterize for pretreatment and/or disposal.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

The waste in tank 241-BX-109 has been sampled and analyzed for the purposes of safety
screening in accordance with the requirements listed in the Tank Safety Screening Data
Quality Objective (Babad and Redus 1994), Historical Model Evaluation Data Requirements
(Simpson and McCain 1995), and Strategy for Sampling Hanford Site Tank Wastes for
Development of Disposal Technology (Kupfer et al. 1995). The tank was sampled in April
1995 using the push-mode core sampling method. The safety screening DQO required
analyses for percentwater, energetics, total alpha activity, and flammable gas. The
historical DQO required that subsegment and composite samples be analyzed for principal
anions, cations, radionuclides, and water content. Analyses for lithium and bromide were
also performed in order to detect any contamination by the hydrostatic head fluid.

All total alpha, DSC percent water and flammable gas results satisfied safety DQOs.

Sampling showed that the concentrations of flammable gases in the tank headspace was 0
percent. This meets the requirement for flammable gases to be less than 25 percent of the
LFL.

Hydrostatic head fluid marked with a lithium bromide tracer was used to obtain the core
samples. The results of lithium and bromide analyses, performed to detect intrusion into the
samples by the hydrostatic head fluid, showed that drainable liquid in segment 4 of core 85
was entirely due to HHF intrusion. Consequently, these drainable liquid results were -
disregarded in assessirig the data. Corrections for core 85, segment 4 soils are shown in
Table 4-9.

An estimated value of 1.35 kW (4,600 Btu/hr) was derived from the sample data ('"Cs and
"...Sr), which is well below the 11.7-kW (39,960-Btu/hr) limit separating high- and low-heat
load tanks (Bergmann 1991).

Statistical (Appendix E) analyses of the ICP and IC data suggest that two definable layers are
present in the tank. Both layers appear to be UR type waste, but soluble analyte
concentrations are higher and uranium concentration lower in the upper layer. No first cycle
waste was detected either visually or analytically.
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APPENDIX A

ANALYTICAL RESULTS FROM 1995 CORE SAMPLING

A.1 INTRODUCTION

Appendix A reports the chemical, radiochemical, and physical characteristics of
tank 241-BX-109 in table form and in terms of the specific concentrations of metals, ions,
radionuclides, and physical properties.

Each data table lists the following: laboratory sample identification, sample origin
(core/segment/subsegment), an original and duplicate result for each sample, a sample mean,
a mean for the tank in which all cores, segments, and subsegments are weighted equally, a
relative standard deviation of the mean (RSD [mean]), and a projected tank inventory for the
particular analyte using the weighted mean and the appropriate conversion factors. The data
are listed in standard notation for values greater than 0.001 and less than 100,000. Values
outside these limits are listed in scientific notation.

The tables are numbered A-1 through A-53. A description of the units and symbols used in
the analyte tables and the references used in compiling the analytical data (Schreiber 1996)
are found in the list of terms and Section 7.0, respectively. For information on sampling
rationale, locations, and descriptions of sampling events, see Section 3.0.

A.2 ANALYTE TABLE DESCRIPTION

The "Sample Number" column lists the laboratory sample for which the analyte was
measured.

Column two describes the core and segment from which each sample was derived. The first
number listed is the core number. It is followed by a colon and-the segment number.

Column three contains the name of the segment portion from which the sample was taken.
This can be the entire segment (whole), the drainable liquid portion (DL), or the upper or
lower half segment portions.

The result and duplicate columns are self-explanatory. The "Mean" column is the average of
the result and duplicate values. All values, including those below the detection level
(indicated by the less-than symbol, <), were aveiaged in calculating the sample means. If
the result and duplicate values were both nondetected, the mean is expressed as a nondetected
value. On the other hand, if one of the two values is nondetected and one is detected, or if
both are detected, then the sample mean is reported as a detected value. The result and
duplicate values, as well as the result/duplicate means, are reported in the tables exactly as
found in the original laboratory data package. The means may appear to have been rounded
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up in some cases and rounded down in others. This is because the analytical results given in
the tables may have fewer significant figures than originajly reported, not because the means
were incorrectly calculated. N/A indicates not applicable.

The overall (or analyte concentration) means for the waste in tank 241-BX-109 were
calculated as follows:

* The overall drainable liquid means were calculated by averaging the two
sample/duplicate pair means.

* The overall sludge means estimated from the composite sample results were
obtained by averaging the means of the two composite sample/duplicate pairs.

* To obtain the estimated overall sludge mean, the sample/duplicate results
within a subsegment were first averaged. The subsegment means were then
averaged to obtain a segment mean, the segment means were averaged to
obtain a core mean, and finally the two core means were averaged to obtain
the overall mean.

* The RSD (mean) (in percent) is 100 times the standard deviation of the mean
'divided by the overall tank mean. Relative standard deviations of the mean
were not computed for analytes that had greater than 50 percent nondetected
values. The standard deviation of the mean was estimated using standard
analysis of variance statistical techniques.

* The projected inventory is the product of the tank (or analyte concentration)
mean, the volume of tank waste (730 kL [193 kgal]), the bulk density of the
sludge (1.48), and the appropriate conversion factors.

The four quality control (QC) parameters assessed on the tank 241-BX-109 samples were
standard recoveries, spike recoveries, duplicate analyses (RPDs), and blanks. These were
summarized in Section 5.1.2, and more detailed information is provided with each of the
following appendix tables. The QC criteria specified in, the SAP (Schreiber 1995) and
DOE 1995 were 90 to 110 percent recovery for standards and spikes, ± 10 percent for
RPDs, and 5 5 percent of the analyte concentration for blanks. These criteria applied to all
analytes. Sample and duplicate pairs in which any of the QC parameters were outside their
specified limits are footnoted in column 6 of the tables with an a, b, c, d, e, or f as follows:

* "a" indicates that the standard recovery was below the QC limit
* "b" indicates that the standard recovery was above the QC limit
* "c" indicates that the spike recovery was below the QC limit
* "d" indicates that the spike recovery was above the QC limit
* "e" indicates that the RPD was outside the QC limits
* "f" indicates that there was some blank contamination.
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Table A-1. Tank 241-BX-109 Analytical Results: Aluminum (ICP). (2 sheets)

Sa .Cre Suob-~ {verly **<rojcfe

Ni g eg gme R M ventory
Sogfg -sio.y.-g % k

S95T000760 84:1 Whole 4,310 4,380 4,350 2,480 26.8 2,680

S95T000766 84:2 Upper %A 2,750 2,980 2,860

S95T000763 Lower 1,230 1,230 1,230

S95T000772 84:3 Upper % 946.0 824.7 885.3*

S95T000769 Lower %A 490.0 486.9 488.4

S95T000778 84:4 Upper 465 660.6 562.7c

S95T000775 Lower 2,480 2,340 2,410

S95T000781 85:1 Whole 7,400 7,360 7,380

S95T000790 85:2 Upper /2 3,540 3,620 3,580

S95T000787 Lower 'A 1,830 1,720 1,770

S95T000840 85:3 Upper 702 683.2 692.5

595T000837 Lower 612 598.4 605.4

S95T000851 85:4 Upper 604 515.8 559.90

S95T000848 Lower 553 523.5 538.5

S95T1568 84:3 Lower %/2 < 12.6 < 12.1 < k1. 2.4 N/A N
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Ca
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LA
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Table A-1. Tank 241-BX-109 Analytical Results: Aluminum (ICP). (2 sheets)

$gflLt $tumL~ itgmL ~ ggmL % kg
S95T000784 85:1 N/A < 20.05 20.05 < 0.05 < 12.6
S95T000854 85:4 N/A< < 5.05 < 5.05 N/A N/A

Compsitf fuit

bY95T001329 84:N/A N/A 1,600 1,510 1,550 1,910
ES95TO01471 85:N/A N/A 2,120 2,39U 2,260c- 1843,4

S95T001445 84:N/A N/A 293 309.8 301.5 259
S95T001470 85:NIA N/A 221 209.4 215.4 16.7 N/A

CD



Table A-2. Tank 241-BX-109 Analytical Results: Antimony (ICP). (2 sheets)

-Sa pleg CAN 
>Sb-

S95T000760 84:1 Whole < 4 < 5 4 975 988 N/A
S95T000766 84:2 Upper % < 1,080 -< 1,001.2 < 1,040
S95T000763 Lower % 7 920 < 946.6 < 933
S95T000772 84:3 Upper < 999 < 998.4 < 999
S95T000769 Lower % < 999 < 1,014.4 < 1,010
S95T000778 84:4 Upper < 1,070 < 1,025 < 1,050
S95T000775 Lower % < 1,010 < 1,011.4 < 1,010
S95T000781, 85:1 Whole < 974 < 955.8 < 965
S95T000790 85:2 Upper %A < 995 < 1,005 < 1,000
S95T000787 Lower < 869 < 862 < 866
S95T000840 85:3 Upper < 1,060 < 1,056.2 < 1,060
S95T000837 Lower % < 953 < 952.8 < 953
S95T000851 85:4 Upper % < 960 < 962.2 < 961
S95T000848 Lower < 1,040 < 1,056.8 < 1,050

95T 562 4 . 7 N/A §f gS95T001568 84:3 Lower / < 25.2 < 242 C2.7 < 24.N/

N/A

N/A
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.rn9e

wa
-4

0



Table A-2. Tank 241-BX-109 Analytical Results: Antimony (ICP). (2 sheets)

Number .,r Soglet 4em n eut D p e nM a nennetr

S95T000784 85:1 iN/A <C 80.20 < 80.20 < 80.20 < 50.2
S95T000854 85:4 N/A < 20.20 <C 20.20 'C 20.20N/NA

595T001329 84:N/A IN/A <C 4,610 <C 4,498 <C 4,550 <C 6,180

S95T001471 j85:N/A 1 N/A <C 7,860 c 7,730 <C 7,800N/NA

~~~O gx gggg aaJ<2

S95T001445 I84:N/A [N/A <C 103 <C 104.08 <C 104 <C 94.7
S95T001470 j85:N/A IN/A < 84.12 <C 86.54 <C 85.3N/NA00

Ct

tri
LA
-.2
10

0

0



Table A-3. Tank 241-BX-109 Analytical Results: Arsenic (ICP). (2 sheets)

O95TY0I07 4: ole < 243 < 243.9 < 243 < 247 N/A
S95(W06 84:2 Upper %/ < 27U < 250.3 < 260

S95TOO0763 Lower %/ < 230 < 236.7 <234
S95TOO0772 84:3 Upper %/ < 250 < 249.6 < 250
S95TOO0769 Lower % < 250 < 253.6 < 252
S95TOO0778 84:4 Upper %h < 268 < 256.3 < 262
S95TOO0775 Lower %h < 253 < 252.9 < 253-
S95T000781 85:1 Whole < 243 < 239.0 < 241
S95T000790 85:2 Upper 'A < 249 < 251.3 < 250
S95T000787 Lower %A < 217 < 215.5 < 217
S95T000840 85:3 Upper 'A < 265 < 264.1 < 265
S95T000837 Lower %/ < 238 < 238.2 < 238
S95T000851 85:4 Upper % < 240 < 240.6 < 241
S95T000748 Lower 'A < 259 < 264.2 < 262

S95T001568 84:3 Upper % C 25 2 2N

gg4

N/A

N/A

'a

CD-



Table A-3. Tank 241-BX-109 Analytical Results: Arsenic (ICP). (2 sheets)

S95TOO0784 185:1 1N/A < 20.05 < 20.05 < 20.05 < 12.6N/NA
S95TOO0854 85:4 -NIA < 5.05 < 5.05 < 5.050

-M P'l- 48>&

C&m 5ite: MMNsin MA/ v/g k/ % kg

S95TOO1329 84:N/A N/A <1,150 < 1,125 < 1,140 < 1,550
N/A N/A

S95TOO1471 85:N/A N/A < 1,960 < 1,933 < 1,950

S95TOO1445 84:N/A N/A < 25.05 < 26.02 < 25.5 < 23.4N/NA
S95TOO1470 185:N/A N/A < 21.03 < 21.64 < 21.30

Co

hi

LA
-2
t'J

Cb

0



Table A-4. Tank 241-BX-109 Analytical Results: Barium (ICP). (2 sheets)

S11G:0007

S95TOO0760

Sement . gmnt

84:1 Whole

<Resl4

< 243 < 243.9

NMen

< 244c

S95T000766 84:2 Upper %17 < 270 < 250.3 < 260
S95T000763 Lower % < 230 < 236.7 < 234

S95T000772 84:3 Upper % < 250 < 249.6 < 250
S95T000769 Lower < 250 < 253.6 < 252
S95T000778 84:4 Upper < 268 < 256.3 < 262
S95T000775 Lower < 253 < 252.9 < 253
S95T000781 85:1 Whole < 243 < 239.0 < 242

S95T000790 85:2 Upper %A < 249 < 251.3 < 250
S95T000787 Lower < 217 < 215.5 < 217
S95T000840 85:3 Upper % < 265 < 264.1 < 265

S95T000837 Lower < 238 < 238.2 < 2380
S95T000851 85:4 Upper < 240 < 240.6 < 241

S95T000848 Lower < 259 < 264.2 < 262

S95T001568 84:3 Lower < 12.6 < 12.1
I ______________ j _________________

< 12.4

< 247

< 12.4

N/A

N/A

btveitdryt

N/A

N/A

I-

P'

CJ



Table A-4. Tank 241-BX-109 Analytical Results: Barium (ICP). (-2 sheets)

S95TOO0784 85:1 N/A < 20.05 < 20.05 < 20.05 < 12.6
S95T-0854 5.05 < 5.05 < 5.05
CouInphsite kptO *t -

S9.5TOO1329 84:N/A N/A < 1,150 < 1, 124.5 < 1, 140 < 1,550
S95T 1471 8 A 1,960 1,933 1,950

S95T001445 184:N/A N/A < 25.65 < 26.02 < 25.8 < 23.6
S95T0O0470 85:N/A N/A <21.03 <5.5 <21.3

V ~ ~ ~ ~ ~ >~. 64 ~ 7 .,~ A ~ 2

I/A

/A

/At.J

M g
ir

N/A

EL----

N/A

N/A

C,,
U

ni

1'.)

CD

-C

0



Table A-5. Tank 241-BX-109 Analytical Results: Beryllium (ICP).

q ......'unle o e: S ub- >c", ~~ouerJJ .1 S ojectedw

- g ow m '%.

Solids: ;f.&u sion>r~ 3 C4-:z ox>g/c'.og s /gtg y %'i kO~

S95T000760 84:1 Whole < 24.34 < 24.39 < 24.37 < 24.7 N/A N/A

S95T000766 84:2 Upper % < 27.00 < 25.03 < 26.02

S95T000763 Lower < 23.00 < 23.67 < 23.34

S95T000772 84:3 Upper % < 25.00 < 24.96 < 24.98

S95T000769 Lower < 25.00 < 25.36 < 25.18

S95T000778 84:4 Upper %A < 26.84 < 25.63 < 26.24

S95T000775 Lower < 25.30 < 25.29 < 25.30

S95T000781 85:1 Whole < 24.34 < 23.90 < 24.12

S95T000790 85:2 Upper 'A < 24.90 < 25.13 < 25.02

S95T000787 Lower % < 21.72 < 21.55 < 21.64

S95T000840 85:3 Upper % < 26.50 < 26.41 < 26.46

S95T000837 Lower %/ < 23.82 < 23.82 < 23.82

S95T000851 85:4 Upper % < 24.00 < 24.06 < 24.03

S95T000848 . Lower %A < 25.94 < 26.42 < 26.18

S9Ods: H 8: d Lg/g sg2 < 2 <.1 g< /4 % k2.4N/

S95T001568 84:3 Lower %A < 12.6 C 12.1 < 12.4 < 12.4 N/A N/A

U3

'2

t~I

Ut
-2
t.J
CD

'C

0

(2 sheets)



Table A-5. Tank 241-BX-109 Analytical Results: Beryllium (ICP).

SampJe Co S o*~~O4~b . >4* JVer$JlR RSD. crojectedb
Numer :egmnt..~., .t.me. Resul Du Mea Mea4 (mea Inv ~enLtr

S95T000784 85:1 N/A < 2.005 < 2.005 < 2.005 < 1.26
N/A N/A

S95T000854 85:4 N/A < 0.505 < 0.505 < 0.505

Compsite fui gg yg

S95T001329 84:N/A N/A < 115 < 112.5 < 114 < 155
+ ___ ___ _ _ _N/A N/A

S95T001471 85:N/A N/A < 196 < 193.3 < 195

S95T001445 84:N/A N/A < 2.565 < 2.602 < 2.58 < 7.23
ST1N/A N/A

595T001470 85:N/A N/A < 2.103 < 21.64 < 11.9.t~.

Ca
U

hi
-a

to

Cl'

0

(2 sheets)



Table A-6. Tank 241-BX-109 Analytical Results: Bismuth (ICP). (2 sheets)

10m ME M. I-- s. Ma( NS.i4:fsonp / p n /m %'."kgn*

S95T000760 84:1 Whole < 487 < 487.7 < 488c < 494 N/A N/A

S95T000766 84:2 Upper %/2 < 539 < 500.6 < 520'

S95T000763 Lower % < 460 < 473.3 < 467'

S95T000772 84:3 Upper % < 500 < 499.2 < 500

S95T000769 Lower % < 500 < 507.2 < 5040

S95T000778 84:4 Upper % < 537 < 512.5 < 525'

S95T000775 Lower < 506 < 505.7 < 506'

S95T000781 85:1 Whole < 487 < 477.9 < 483'

S95T000790 85:2 Upper 1% < 498 < 502.5 < 501*

S95T000787 Lower %/ < 434 < 431.0 < 433'

S95T000840 85:3 Upper < 530 < 528.1 < 529'

S95T000837 Lower h < 476 < 476.4 < 476'

S95T000851 85:4 Upper % < 480 < 481.1 < 481'

S95T000848 Lower < 519 < 528.4 < 524

Q.1s H/ /%k

S95TOO1568 184:3 1Lower %-< 25.2 < 24.2 < 24.7 1< 24.7 N/A N/A

Ut

0

(A
-1
1'~)

CD

0



Table A-6. Tank 241-BX-109 Analytical Results: Bismuth (ICP). (2 sheets)

EN :Megiu DM MEN . niian ibventory

S95T000784 85:1 N/A < 40.10 < 40.10 < 40.10 < 25.1
N/A N/A

S95T000854 85:4 N/A < 10.10 < 10.10 < 10.10

Copoit:fui g/g p/ p/ kg

S95TOO1329 84:N/A N/A < 2,300 < 2,249 < 2,280 < 3,090N/NA
S95TOO1471 85:N/A N/A < 3,930 < 3,865 < 3,900

S95TOJ1445 84:N/A N/A < 51.30 < 53.10 < 52.2 63.4 177A
S9T7 N N/A

S95T001471 85:N/A [N/A 99 <92 3,86 .<6490

a'

0
Ca



Table A-7. Tank 241-BX-109 Analytical Results: Boron (ICP). (2 sheets)

N umbe Oem n eRM e t R sul D Me, = 03,i Wnic n i t r

S95TOO0760 84:1 Whole < 243 < 243.9 < 244 < 247 N/A N/A

S95T 0766 84:2 Upper %h < 270 < 250.3 < 260

S95TOO0763 Lower % < 230 < 236.7 < 234

S95TOO0772 84:3 Upper %h < 250 < 249.6 < 250

S95Ti.0769 Lower %/2 < 250 < 254.6 < 252

S95TOO0778 84:4 Upper %h < 268 < 256.3 < 262

S95TOO0775 Lower %/7 < 253 < 252.9 < 253

S95T000781 85:1 Whole < 243 < 239.0 < 241 .

S95T000790 85:2 Upper < 249 < 251.3 < 250

S95T000787 Lower 'A < 217 < 215.5 < 217

S95T000840 85:3 Upper 1A < 265 < 264.1 < 265

S95T000837 Lower % < 238 < 238.2 < 238

S95T000851 85:4 Upper < 240 < 240.6 < 241

S95T000848 Lower < 259 < 264.2 < 262

S95T000768 85:1 oler % 3829.0 41

S95T00158 14: Lower. / <398 <42.2 <0. 238/AN/

-4

9

Ut
-4
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CD
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C



eets)Table A-7. Tank 241-BX-109 Analytical Results: Boron (ICP). (2 sh

S95'I07842958:1/ N/A <30,.58

S95TOO1471 85:N/A N/A < 1,960

S5OO144~ 84:N/A N/A 29.30

S95TOO1470 85:/ N/A 29.69

32.61

11.21

< 1,125

< 1,933

30.29
29.67

31.80

11.49d

< 1,140

< 1,950

29.83

'29.68

21.6

< 1,550

29.7

I I

46.9

N/A

0.6
00

N/A

N/A

All_______T ~ .,+K.: -+"f w~'~&S%4.

N/A

Cd,

0

tIi

tji-a
I'-)

CD

0



Table A-8. Tank 241-BX-109 Analytical Results: Cadmium (ICP). (2 sheets)

%~4Z$.1 &*. , 0x& P

Samplew Prjege
.%Nwmnerj Seg __t Sgmn ~Resu1C Dup MeaI MeaeaC (met') nventor~y

S95T000760 84:1 Whole < 48.70 < 48.77 < 48.7 < 49.4 N/A N/A

S95T000766 84:2 Upper < 53.94 < 50.06 < 52.0

S95T000763 Lower /z < 46.01 < 47.33 < 46.7

S95T000772 84:3 Upper < 50.00 < 49.92 < 50.0

S95T000769 Lower < 50.00 < 50.72 < 50.4

S95T000778 84:4 Upper '/2 < 53.69 < 51.25 < 52.5

S95T000775 Lower 1 < 50.61 < 50.57 < 50.6

S95T000781 85:1 Whole < 48.68 < 47.79 < 48.2

S95T000790 85:2 Upper < 49.80 < 50.25 < 50.0

Lower /z < 43.44 < 43.10 < 43.3

S95T000840 85:3 Upper < 53.00 < 52.81 < 52.9

S95T000837 Lower < 47.63 < 47.64 < 47.6

S95T000851 85:4 Upper /2 < 48.00 < 48.11 < 48.1

S95T000848 Lower < 51.90 < 52.84 < 52.4

S95TOO1568 184:3 Lower %/ < 1.26 < 1.21 < 1.24 < 1.24' N/A N/A

'0

t



Table A-8. Tank 241-BX-109 Analytical Results: Cadmium (ICP). (2 sheets)

S95TOO0784 185:1 N/A < 4.01 < 4.01 < 4.01 < 2.51N/NA

S95TOO0854 185:4 N/A < 1.01 < 1.01 < 1.01

S95TOO1329 84:N/A N/A < 230 < 224.9 '< 228 < 309
N/A N/A

S95TOO1471 85:N/A N/A < 393 < 386.5 < 390

S95TOO1445 184:N/A N/A < 5.13 < 5.204 < 5.17 < 4.72
N/A N/A

S95TOO1470 185:N/A N/A < 4.206 < 4.327 < 4.27

f1q~4 r t $1~g 1~h 1jce~

I tO
0

C',

9

it

(A
-J
N)

(Ti

0



Table A-9. Tank 241-BX-109 Analytical Results: Calcium (ICP). (2 sheets)

N4umrber S~pehtent Semn Rea nap. 4'+"feaf MeSUan ( mea) Inetr

-. 1... . . < 5

S95T000760 84:1 Whole 5,740 5,630 5,680 3,030 17.2 3,270

S95T000766 84:2 Upper % 4,670 4,870 4,770

S95T000763 Lower % 2,520 2,550 2,530

S95T000772 84:3 Upper % 2,180 2,300 2,300*

S95T000769 Lower 1,160 1,130 1,140

S95T000778 84:4 Upper 1,170 1,050 1,110*

S95T000775 Lower %12 1,040 991 1,020

S95T000781 85:1 Whole 4,700 4,920 4,810

S95T000790 85:2 Upper 4,780 5,060 4,920

S95T000787 Lower 'A 4,010 4,110 4,060

S95T000840 85:3 Upper % 2,020 1,930 1,980

S95T000837 Lower / 1,530 1,590 1,560

S95T000851 85:4 Upper 813 860 837

S95T000848 Lower % 1,220 1,410 1,320
-_T -5- --- 7A N

19TO58 84:3 Lower '12 170 262 216c 216 N/A N/A

'.3
I~a

0

-11

CD



Table A-9. Tank 241-BX-109 Analytical Results: Calcium (ICP). (2 sheets)

. . .... : N/A 4 . . < 4. 1 <$ 40 1 < 2 ..

185: N/AC 4.10 C 4010 40.0A<N5.1

S95T000854 85:4 N/A M 10.10 < 10.10 < 10.10

rt95Ti001 ~4I~47r8:/ / ,0 5,< 5,610*N/AN/

tepoze upg/ca ONg A/2 #/ R/ *

S95TO07844 184:1/ N/A <67.10 754.0 7 1.48 772.10NA/

S 7.......4 N<A ;%:0.

S95T001329 84:N/A N/A 2,650 2,270 2,460 4,035 39.0 4,360
S95T001471 I85:N/A [N/A 5,900 5,310 5,610-

S95T001445 I 84:N/A I N/A 67.88 175.09 j71.48' 77.67.N/

S95T001470 185:N/A IJN/A 90.30 177.06 183.68-
to
to
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Table A-10. Tank 241-BX-109 Analytical Results: Cerium (ICP). (2 sheets)

.4~4~.~lINf . .7 ~*~N ; I t! to ON" Ientoy

Solids: Ui 1Onr px yg W pg/g ~ t gg / % kgr~

S95T000760 84:1 Whole < 487 < 487.7 < 487 < 494 N/A N/A

S95T000766 84:2 Upper < 539 < 500.6 < 520

S95T000763 Lower %A < 460 < 473.3 < 467

S95T000772 84:3 Upper %A < 500 < 499.2 < 500

S95T000769 Lower 'A < 500 < 507.2 < 504

S95T000778 84:4 Upper / < 537 < 512.5 < 525

S95T000775 Lower < 506 < 505.7 < 506-

S95T000781 85:1 Whole < 487 < 477.9 < 499

S95T000790 85:2 Upper 'A < 498 < 502.9 < 483

S95T000787 Lower % < 434 < 431 < 433

S95T000840 85:3 Upper 'A < 530 < 528.1 < 529

S95T000837 Lower Y2 < 476 < 476.4 < 476

S95T000851 85:4 Upper 'A < 480 < 481.1 < 481

S95T000848 Lower 1/ < 519 < 528.4 < 524

SOlids:HO /anid pg4: g.4. < / 24g/g7 % kN

S95T001568 84:3 JLower 'I < 25.2 < 24.2 < 24.7 < 24.7 N/A N/A

1'-)
U)



Table A-10. Tank 241-BX-109 Analytical Results:

y<55±Y,> .> .~3X4 .4> .4± .
4

6sM. . 4
A~ ... .

S5TO'0784 85:1 N/A < 40.10 < 40.10 < 40.10 < 25.1N/NA

S95TOO0854 85:4 N/A < 10.10 < 10.10 < 10.10

S09512 84N/A IN/A < 2,300 < 2,249 < 2,275 < 3,090 N/NA

S95TOO1471 85:N/A N/A < 3,930 < 3,M65 < 3,900

.~. .. .y.&4 .. . . .4 
4 

.44 
4X'

S5T1445 84:N/A N/A <51.30 < 52.04 < 51.67 <
9 : / L 42.72 N/A N/A

S9T012 j8:N/A IN/A I< 2300 < 4249 < 2275 3,9

'.3

En

--I
N)3

Cerium (ICP). (2 sheets)



Table A-11. Tank 241-BX-109 Analytical Results: Chromium (ICP).

S95TOO0760 84:1 Whole 106 94.41 100.2* 137 6.6 148

S95TOO0766 84:2 Upper %/. 121 126.5 123.7

S95TOO0763 Lower %z 112 119.0 115.7

S95TOO0772 84:3 Upper %h 187 168.8 177.7c

Lower 2 143 137.5 140.0

S95TOO0778 184:4 Upper %/ 126 128.0 126.8

S9T075Lower %/ 168 160.5 164.2

S95TOO0781 85:1 Whole 86.22 87.38 86.80

S95TOO0790 85:2 Upper %/ 134 142.2 137.9

S95T6W0787 Lwr% 147- 144. i 145.4

S95TOO0840 85:3 Upper 1/ 131 93.67 112.2c

S95O03 Lower %h 187 171.9 179.3 '

S95TOO0851 85:4 Upper %/ 179 171.7 175.3

S95TOO0848Lower %/ 216 211.4 213.9

S95TOO1568 84:3 Lower 1/ 55.1 57.1 56.1 56.1 NIA N/A

LA

IA

Y

w
Ut

0

0

(2 sheets)



Table A-1 1. Tank 241-BX-109 Analytical Results: Chromium (ICP). (2 sheets)

Sn lVCYe: Subt~ OWyeta # SDW Projectedf
9TI74 :NA1744.7 187 2.

S95T000784 85:1 N/A 110 107.7 108.7' 62.6
73.7 N/A

S95T000854 85:4 / N/A 16.40 16.60 16.50d

S95T001329 84:N/A N/A < 230 < 224.9 < 228 < 309

_ _ _ _ _ _ _0N/ N/A

S95T001471 85:N/A N/A < 393 < 386.5 < 390
4 ~ ~ ~ ~ ~ ~ ~ ~ ~ " 7 ...>'.. ... "go4<4~~

4 .  
44 4 4 < 4 . 4

S95T001445 184:N/A N/A 65.07 68.85 66.96 74.9 1. /
S95T001470 185:N/A N/A 83.47 82.19 82.83

t'.3
0~



Table A-12. Tank 241-BX-109 Analytical Results: Cobalt (ICP). (2 sheets)

bample Core: Sub-sverau I RSPD AProee
Numbe SegmntASgmneflu Resut D~tup: en Ma men ietr

S95TOO0760 84:1 Whole < 97.40 < 97.54 < 97.47 < 98.8 N/A N/A

S95TOO0766 84:2 Upper %/ < 108 < 100.1 < 104

S95TOO0763 Lower %/ < 92.02 < 94.66 < 93.34

S95TOO0772 84:3 Upper %/ < 99.90 < 99.84 < 99.87

S95TO0769 Lower % < 99.94 < 101.4 < 100.73

S95TO40778 84:4 Upper %/2 < 107 < 102.5 < 105

S95TOO0775 Lower %12 < 101 < 101.1 < 101

S95T000781 85:1 Whole < 97.36 < 95.58 < 96.47

S95T000790 85:2 Upper '12 < 99.50 < 100.5 < 100

S95T000787 Lower 'A < 86.90 < 86.20 < 86.5

S95T000840 85:3 Upper < 106 < 105.6 < 106

S95T000837 Lower < 95.30 < 95.28 < 95.29

S95T000851 85:4 Upper < 96.00 < 96.22 < 96.11

S95T000848 Lower < 104 < 105.7 < 105

S95T001568 84:3 Lower %/ < 5.04 < 4.84 < 4.5 4 N/A N/A

S9T004 853Upe < 10 < 0. 0

'.3
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Table A-12. Tank 241-BX-109 Analytical Results: Cobalt (ICP). (2 sheets)
~~m .' :%)>> <4- -4M R40 . . . .

S95TOO0784 85:1 N/A < 8.02 < 8.02 < 8.02 < 5.
N/A N/A

S95TOO0854 85:4 N/A < 2.02 < 2.02 < 2.02

S95T 1329 84:N/A N/A < 461 < 449.8 < 455 < 618N/

S95TOO1471 85:N/A N/A < 786 < 773.0 < 780

Comnsie: .0digt id.g/ pg/g yg/ Mpsnff/gj* % k

S95T001445 84:N/A N/A < 10.26 < 10.4 < 10.3 < 9.43
N/A N/A

S95T00084 185:4/ JN/A < 2.402 < 2.024 < 2.02

00

Co
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Table A-13. Tank 241-BX-109 Analytical Results: Copper (ICP). (2 sheets)

Smpe Cor Su jrtZ...t.. RS. Pr jec
Number Segme: ntVIhI'd '~ SegmeJ Resut~ ~Dp Mean rt (men) lventory

S95T000760 84:1 Whole < 48.70 < 48.77 < 48.74 < 50.7 N/A N/A

S95T000766 84:2 Upper l/2 < 53.94 < 50.06 < 52.00

S95T000763 Lower %2 < 46.01 < 47.33 < 46.67

S95T000772 84:3 Upper '% 55.66 86.46 71.06e

S95T000769 Lower % < 50.00 < 50.72 < 50.36

S95T000778 84:4 Upper 1/2 < 53.69 < 51.25 < 52.47

S95T000775 Lower %/2 < 50.61 < 50.57 < 50.59

S95T000781 85:1 Whole < 48.68 < 47.79 < 48.24

S95T000790 85:2 Upper %A < 49.80 < 50.25 < 50.03

S95T0007$7 Lower % < 43.44 < 43.10 < 43.27

S95T000840 85:3 Upper '% < 53.00 < 52.81 < 52.91

S95T0D0837 Lower % < 47.63 < 47.64 < 47.64

S95T000851 85:4 Upper 'A < 48.00 < 48.11 < 48.06

S95T000848 Lower % < 51.90 < 52.84 < 52.37

S95T001568 84:3 Lower 12 < 2.52 1< 2.42 < 2.47 < 2.47 N/A N/A

'.0
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Table A-13. Tank 241-BX-109 Analytical Results: Copper (ICP). (2 sheets)

Sample~M Coe uveral S rjce
NUbe SegmeltQ Semn esuir u MMe a eau meaw AivetyINS'

DrdinabIhuiq d:retu& .. pgm. pg/mL~ pwg/m sg/m % kg

S95T000784 85:1 N/A < 4.01 < 4.01 < 4.01 < 2.51
N/A N/A

S95T000854 85:4 N/A < 1.01 < 1.01 < 1.01

S95TOO1329 84:N/A N/A < 230 < 224.9 < 227 < 309
3 N/A N/A

S95TOO1471 85:N/A N/A < 393 < 386.5 < 390
-- ~~10 V %t 1270. 1

C dnpsfte n20 dg<ac. ygg _/ .4g/g ggg kg

S95T001445 84:N/A N/A < 5.130 < 5.204 < 5.167 < 4.72
ST1N/A N/A

S95T001471 85:NIA JN/A < 3930 < 38.5 < 3906

CD)
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Tank 241-BX-109 Analytical Results: Iron (ICP). (2 sheets)

S95T000760 84:1 Whole 25,100 33,900 29,500 21,900 5.6 23,800

S95T000766 84:2 Upper 18,500 19,500 19,000

S95T000763 Lower / 19,700 19,800 19,700

S95T000772 84:3 Upper % 30,000 27,900 29,00V*

S95T000769 . Lower 21,200 21,000 21,100

S95T000778 84:4 Upper / 13,000 13,400 13,200

S95T000775 Lower % 19,800 18,600 19,200

S95T000781 85:1 Whole 22,400 24,000 23,200

S95T000790 85:2 Upper 18,200 18,800 18,500

S95T000787 Lower f6,200 16,800 16,500

S95T000840 85:3 Upper '% 24,400 23,700 24,100

S95T000837 Lower 22,300 23,000 22,600

S95T000851 85:4 Upper 19,600 19,200 19,400

S95T000848 Lower 23,500 23,000 23,300

S95T001568 184:3 Lower < 12.6 < 12.1 < 12.4 < 12.4 N/A N/A

U)
-4

thi
U,

Table A-14.



Table A-14. Tank 241-BX-109 Analytical Results: Iron (ICP).

M, 7 ..t~<... . . . . -J < < r
Nem SOsp M Me.Nr a),: ntr

S95T000784 85:1 N/A < 20.05 < 20.05 < 20.05 < 12.6

S95T000854 85:4 N/A < 5.05 < 5.05 < 5.05

S95T001329 84:N/A N/A 20,000 20,700 20,400 21,500
5.1 23,200

S95T001471 85:N/A N/A 22,600 22,500 22,500

Copoe:- i~ai g< %<g/g4 ~ %igj/g pg/gf % kg7&~t~

S95T001445 -84:N/A N/A 1,860 2,480 2,1700 2,715

S95TOO1470 1 A N/A 3,29020.1 N/AS95T001470 85:N/A N/A 3,290 3,240 3,2600
U)

ri
U'
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(2 sheets)



Table A-15. Tank 241-BX-109 Analytical Results: Lanthanum (ICP). (2 sheets)

MiCe ". I.er.1 V arj"mted

S95tO00760 84:1 Whole < 243 < 243.4 < 243.2 < 247 N/A N/A

S95TOO0766 84:2 Upper %h < 270 < 250.3 < 260

S95TOO0763 Lower 1/ < 230 < 236.5 < 233

S95TOO0772 84:3 Upper %/ < 250 < 249.6 < 250

S95TOO0769 Lower %h < 250 < 253.6 < 252

S95TO07 84:4 Upper %h < 268 < 256.3 < 262

S95TOO0775 Lower %12 < 253 < 252.9 < 253

S95TOO0781 85:1 Whole < 243 < 239.0 < 241

S95TOO0790 85:2 Upper %/ < 249 < 251.3 < 250

S95TOO0787 Lower % < 217 < 215.5 < 216

S95TOO0840 85:3 Upper %/ < 265 < 264.1 < 265

S95TOO0837 Lower %/ < 238 < 238.2 < .238

S95TOO0851 85:4 Upper %h < 240 < 240.5 < 240

S9T088Lower %h < 259 < 264.2 < 262

S95T.1568 84:3 Lower % < 12.6 1< 12.1 < 12.4 < 12.4 N/ANA

LO,

U

LA



Table A-15. Tank 241-BX-109 Analytical Results: Lanthanum (ICP). (2 sheets)

go~jg~ -g~~

Nutfivr .egmen ..egme.t... !u t D . an: x ( ae r

S95T000784 85:1 N/A < 20.05 < 20.05 < 20.05 < 12.6

S95TOO1329 184:.N/A N/A < 1, 150 < 1,125 < 1,140 < 1,550 N/NA
S95TOO1471 185:N/A IN/A < 1,960 < 1,933 < 1,950NAN/

S95TOO1445 184:N/A N/A < 25.65 < 26.02 < 25.8 < 23.6N/ N/A N/A

S95T00084 85:4/ JN/A < 5.0 < 25.5 < 25.5

t>



Table A-16. Tank 241-BX-109 Analytical Results: Lead (ICP). (2 sheets)

..... ................ ...... jected
Ninb Sgmnt S met R.esu>.<f D>u . Men Ma ma. nego

S95TO0760 184:1 Whole 770 817.1 793.7 668 7.3 721

S95T000766 84:2 Upper /2 583 626.9 604.7

S95T000763 Lower %/ < 460 < 473.3 < 467

S95T000772 84:3 Upper %A 937 684.0 810.4

S95T000769 Lower < 500 < 507.2 < 504

S95T000778 84:4 Upper % 843 820.4 831.9

S95T000775 Lower 'A 688 745.5 716.8

S95T000781 85:1 Whole 500 584.1 541.9c

S95T000790 85:2 Upper 527 615.2 571.2*

S95T000787 Lower 440 533.7 487.1*

S95T000840 85:3 Upper / 560 540.6 550.4

S95T000837 Lower 959 900.0 929.7

S95T000851 85:4 Upper %A < 480 539.8 510

S95T000848 Lower %A 971 1,080 1,030

S95T001568 84:3 Lower < 25.2 < 24.2 < 24.7 < 24.7 N/A N/A

LA



Table A-16. Tank 241-BX-109 Analytical Results: Lead (ICP). (2 sheets)

-X% .. . .'#% * .~ . .s~
0 

x ..

S95T-0784 85:1 N/A < 40.10 < 40.10 < 40.10 < 25.1
N/A N/A

S95TOO-0854 85:4 N/A < 10.10 < 10.10 < 10.10
.~o~ ~ ........... .. ':

S95T001329 84:N/A N/A < 2,300 < 2,249 < 2,270 < 3,090
N/A N/A

S95T001471 85:N/A N/A < 3,930 < 3,865 < 3,900

S95TC1445 84:N/A N/A < 51.30 < 55.16 < 53.23 60.912
S9T 7 N N/A

S95T001471 85:N/A JN/A 68.,93 < 38.52 <63,900

LA,C.'

0
e

hi

U'
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Cb

0



Table A-17. Tank 241-BX-109 Analytical Results: Magnesium (ICP).

N__mb__r ____egmennSgmntt Reisul Dup- Me < Mean (mean Tnvettry

S95TOO0760 84:1 Whole 1,130 1,080 1,100. 748 9.5 808

S95TOO0766 84:2 Upper %h 992 968.9 980.3

S95TI763 Lower h 546 624.6 585.4

S95TOO0772 84:3 Upper %h 613 549.6 581.1*

S9T079 .Lower %/ < 500 < 507.2 < 504

S95TOO0778 84:4 Upper %h < 537 < 512.5 < 525

S95TO0775 Iower %h < 506 < 505.7 < 506

S95T000781 85:1 Whole 1,050 1,040 1,040

S95T000790 85:2 Upper % 1,100 1,100 1,100

S95T000787 Lower %A 901 799.4 850.0

S95T000840 85:3 Upper % 545 < 528.1 5370

S95T000837 Lower % 555 < 476.4 5160

S95T000851 85:4 Upper %A < 480 < 481.1 < 481

S95T000848 Lower %A < 519 < 528.4 < 524

S95T0s00781 85:1i Whoe/105 1,040 1,04s/0 k

S95T001568 84:3 Lower % 46.0 76.8 61.4 61.4 N/AN/

U)
-J

I~1

-2
N)

0

C

(2 sheets)



Table A-17. Tank 241-BX-109 Analytical Results: Magnesium (ICP). (2 sheets)

N u b rS g e t S e g m e n t: R es u_ D p . : M e a M a( A ) v nt y

Drainabl. liqjid.dec po/mX /mm s.m % k.

S95T000784 85:1 N/A < 40.1 < 40.10 < 40.10 < 25.1

S95T000854 85:4 N/A < 10.1 < 10.10 < 10.10

S95TUO129 84:N/A N/A < 2,300 < 2,249 < 2,270 < 3,090
__________________ _____________ ____________ _____________N/A N/A

S95T001471 85:N/A N/A < 3,930 < 3,865 < 3,900

Cmst: i g.ad gg pg/ ><cAAF~..%RgK0

S95T001445 84:N/A N/A < 51.30 < 52.04 < 51.7 < 55.1 6.5 N/A
S95T001470 85:N/A N/A 57.95 58.95 58.4500

cc

t~1

U.'
-3
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0

C



Table A-18. Tank 241-BX-109 Analytical Results: Manganese (ICP).

t>Nwmber ~<'S&gmentiSgmnt~ Reu t DUph~ MMeap..,-*z (me~An) xuetory~

Solids: fnsIoWn r# <0 ~ % " §cpgg' kg4 ~<~>-

S95T000760 84:1 Whole 215 259.9 237.5' 149 8.0 161

S95T000766 84:2 Upper % 180 183.8 181.7

S95T000763 Lower 129 136.0 132.6

S95T000772 84:3 Upper 144 131.0 137.7

S95T000769 Lower % 109 100.0 104.5

S95T000778 84:4 Upper 83.23 80.01 81.62

S95T000775 Lower /2 101 97.03 98.79

S95T000781 85:1 Whole 180 191.6 185.7

S95T000790 85:2 Upper 156 169.2 162.8

S95T000787 Lower %A 129 123.5 126.3

S95T0C0840 85:3 Upper %A 117 113.9 115.4

S95T000837 Lower '/2 110 109.4 109.6e

S95T000851 85:4 Upper 132 121.7 127.0

S95T000848 Lower % 158 165.2 161.5.

S95T.1568 84:3 Lower <2.52 <2. 4 . 47 < 2.47 N/A NWA

La)
'.0

9
rin9

w

Ut
-3
N)

Lb

0

(2 sheets)



Table A-18. Tank 241-BX-109 Analytical Results: Manganese (ICP). (2 sheets)

N rg Resultr - iw Me:v Mea)y

S95T000784 185:1 N/A < 4.010 < 4.010 < 4.010 < 2.51
N/A N/A

S95T000854 85:4 N/A < 1.010 < 1.010 < 1.010

S95T001329 84:N/A N/A < 230 < 224.9 < 227 < 309
N/A N/A

S95T001471 85:N/A N/A < 393 < 386.5 < 390
1 % .................... k "Wu 0 O 4 W N Y O f lo qN g y M gONI IN i ~$ > ' ~ s t > . * ~ &

S95T001445 184:N/A N/A 9.697 12.82 11.26 14.1
ST120.1 N/A

S95T001470 85:N/A 1N/A 17.06 16.81 16.930D

Eli

U3



Table A-19. Tank 241-BX-109 Analytical Results: Molybdenum (ICP).

~4Sam Ctre: rrEcd

Sjzgds:tfussg/og/" p</T a/l .g/g %

S95T000760 84:1 Whole < 243 < 243.85 < 243 < 247 N/A N/A

S95T000766 84:2 Upper < 270 < 250.3 < 260

S95T000763 Lower %/ < 230 < 236.65 < 233

S95T000772 84:3 Upper % < 250 < 249.6 < 250

S95T000769 Lower % < 250 < 253.6 < 252

S95T00778 84:4 Upper < 268 < 256.25 < 262

S95T000775 Lower % < 253 < 252.85 < 253

S95T000781 85:1 Whole < 243 < 238.95 < 241

S95T000790 85:2 Upper % < 249 < 251.25 < 250

S95T000787 Lower < 217 < 215.5 < 216

S95T000840 85:3 Upper 1A < 265 < 264.05 < 265

S95T000837 Lower % < 238 < 238.2 < 238

S95T000851 85:4 Upper < 240 < 240.55 < 240

S95T000848 Lower < 259 < 264.2 < 262

SOd:5 /id9 Lg/ g / 12/g < 1/2. kg

S95T001568__ 84:3 JLower < 12.6 < 12.1 < 12.4 c 12.4 .N/A N/A

-A

ci,

9

tTl
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(2 sheets)



Table A-19. Tank 241-BX-109 Analytical Results: Molybdenum (ICP). (2 sheets)

S95TOO0784 85:1 N/A < 20.05 < 20.05 < 20.05 < 12.6NIN/

S95TOO0854 85:4 N/A < 5.05 < 5.05 < 5.05

S95TO1329 84:N/A N/A < 1,.150 < 1,124.5 < 1,140 < 1,550 NIAN/

S95TOO1471 85:N/A N/A < 1,960 < 1,932.5 < 1,950

C sa sdg '.0"./ -g/M >4/g % kg

OX -* .:t:x*5 lk 11 11. , 1 111.

S95TOO1445 184:N/A N/A < 25.65 < 26.02 < 25.8" < 23.6N/NA

S95T1470 85:N/A N/A < 21.03 < 21.635 24A.
L1
-3
t'J
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Table A-20. Tank 241-BX-109 Analytical Results: Neodymium (ICP). (2 sheets)

.. veal Rjected

Socdsfr4 frsionj ~ <l4 i N#' M Zht2 k'xf

S95T000760 84:1 Whole < 487 < 487.7 < 487 < 494 N/A N/A

S95T000766 84:2 Upper '/ < 539 < 500.6 < 520

S95TO00763 Lower 'A < 460 < 473.3 < 467

S95T000772 84:3 Upper % < 500 < 499.2 < 500

S95T000769 Lower % < 500 < 507.2 < 504

S95T000778 84:4 Upper 'A < 537 < 512.5 < 525

S95T000775 Lower % < 506 < 505.7 < 506

S95T000781 85:1 Whole < 487 < 477.9 < 482

S95T000790 85:2 Upper /2 < 498 < 502.5 < 500

S95T000787 Lower % < 434 < 431 < 433

S95T000840 85:3 Upper < 530 < 528.1 < 530

S95T000837 Lower % < 476 < 476.4 < 476

S95T000851 85:4 Upper < 480 < 481.1 < 481

S95T000848 Lower < 519 < 528.4 < 524

4O54:Lw %. <I24.2M< 24.. N/A

S95T001568 184:3 j Lower 1/ < 25.2 < 24.2 < 24.7 < 24.7 N/A N/A

U,

9
(AU
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Table A-20. Tank 241-BX-109 Analytical Results: Neodymium (ICP). (2 sheets)

SamP e CJre: Subkvverlw 1S ProWHOMed

S95TOO0784 85:1 N/A < 40.10 < 40.10 < 40.10 < 25.1
N/A N/A

S95T440854 85:4 N/A < 10.10 < 10.10 < 10.10

S95T00129 84:N/A N/A < 2,300 < 2,249 < 2,275 < 3,090
N/A N/A

S95TOO1471 85:N/A N/A < 3,930 < 3,865 < 3,898
tomposIte: USQ2l di~cd gg kgg p/ ag/g %t kg''4 C>~&4.V

S95T001445 84:N/A N/A < 51.3 < 52.04 < 51.7 < 47.2
S95T______________1470________ _______N/A N/A

S95T001471 85:N/A 1N/A < 3,930 < 3865 < 3,898

N)

0

a



Table A-21. Tank 241-BX-109 Analytical Results: Nickel (ICP). (2 sheets)

Numb i $egment 1  ent t 'sltK Dp. Mgajgtt tZMea< ( ) htvntoRy

S95TOO0760 84:1 Whole 6,010 6,260 6,140 5,150 18.0 5,570

S95TOO0766 84:2 Upper %/ 8,790 18,810 8,800

S95TOO0763 Lower %/ 4,590 5,830 5,21W*

S95TOO0772 84:3 Upper %/ 3,580 4,860 4,220*

S9T079Lower %h 7,790 4,970 6,380c"'

S95TOO0778 84:4 Upper %/ 6,570 5,250 5,910*

S95TOO0775 Lower %h 5,230 4,900 5,070

S95Tj0781 85:1 Whole 5,350 5,820 5,590

S95T0790 85:2 Upper %/2 5,210 7,620 6,420.

S95T000787 Lower %h 8,550 3,160 5,850 5

S95T000840 85:3 Upper /2 4,870 5,420 5,150

S95T000837 Lower %A 4,490 3,530 4,010*

S95T000851 85:4 Upper 1,130 1,200 1,170

S95T000848 Lower , 896 753.8 825.10

S95T00:0H81 d85.:1 Whoe/g35 5,820 5,/59/0 k

S95T001568 84:3 Lower 5.04 < 4.84 < 4.94 < 4.94 N/A N/A

.4.
Lit

65

CD



Table A-21. Tank 241-BX-109 Analytical Results: Nickel (ICP).
Nme 9* . Mek . I N Me*n),

DrainableVer ViDd iec 6m g/L p/L pg !%k
MIX. .. *. ..... 

...'*r

S95TOO0784 85:1 N/A < 8.02 < 8.02 < 8.02 6.05
N/A N/A

S95TOO0854 85:4 N/A 3.978 14.167 4.072

S95TOO1329 84:N/A N/A 3,930 3,060 :3,490'* 5,895 4. ,7
S95TOO1471 85:N/A N/A 7,560 9,030 8,30(Y

S95T 1445 84:N/A N/A < 10.26 <10.408 < 10.3 12.8 19.
S9T6 N N/A

S95T00014 85:4/ [N/A 3.98 4.67 4.72

aN

e

-1

(2 sheets)



Table A-22. Tank 241-BX-109 Analytical Results: Phosphorus (ICP). (2 sheets)

J . ........ x

Nube SemntSomn Rst <Ihpy~ Mea 'ea An(ean)~ IAnventoryr

S95T000760 84:1 Whole 23,400 21,900 22,600 20,800 4.6 22,460
S95T000766 84:2 Upper % 26,500 27,900 27,200d

S95T000763 Lower %A 23,000 22,900 23,000
S95T000772 84:3 Upper 23,500 22,500 23,000
S95T000769 Lower % 20,200 19,600 19,900
S95T000778 84:4 Upper % 17,200 17,400 17,300d
S95T000775 Lower 16,700 15,700 16,200
S95T000781 85:1 Whole 15,400 15,700 15,600
S95T000790 85:2 Upper 25,600 26,600 26, 100"

S95T000787 Lower 24,000 24,400 24,2000

S95T000840 85:3 Upper 'A 22,300 21,400 21,800
S95T000837 Lower 20,100 20,800 20,400

S95T000851 85:4 Upper 17,300 17,700 17,500*

S95T000848 Lower 19,800 19,300 19,600*

%& II~~~ .> ..... .<o .....>

ILower %/ 8,470 8,620
I _______ ~I _ _ _ _ 8 0 8,550 N/A 93.4

L.
-J

0
t,

84:3S95TOO1568 8,550.



Table A-22. Tank 241-BX-109 Analytical Results: Phosphorus (ICP). (2 sheets)

N>lm&her? ..gen mefment rResulV Du. Men Man (eC)etWry

DrainhbIe iqid:X diet p~y *~g/njL p>g/mt'> pgL4Yi tpg/?4 % cC k

S95T000784 I85:1 'N/A 7,730 7,620 7,680* 4,270
I 79.9 N/A

S95T000854 185:4 1N/A 859 859.8 859.6d

S95T001329 I84:N/A I N/A 22,000 22,500 22,200 22,000
1 1.1 23,760

S95T001471__ 85:NIA jN/A 21,400 22,300 21,800 ~AA~l

S95T001445 84:N/A N/A 8,470 8,750 8,610d 8,040
7.0 N/A

S95T001470 85:N/A N/A 7,490 7,470 7,480
00

0



Table A-23. Tank 241-BX-109 Analytical Results: Samarium (ICP).

Nube Semn emu ReIt 1u eaun. osMejaju 4mea ) livontory4

:Sbhds: fdioh gK tg/4  y % kg

S95T000760 84:1 Whole < 487 < 487.7 < 487 < 494 N/A N/A

S95T000766 84:2 Upper %A < 539 < 500.6 < 520

S95T000763 Lower < 460 < 473.3 < 467

S95T000772 84:3 Upper % < 500 < 499.2 < 500

S95T000769 Lower < 500 < 507.2 < 504

S95T000778 84:4 Upper < 537 < 512.5 < 525

S95T000775 Lower % < 506 < 505.7 < 506

S95T000781 85:1 Whole < 487 < 477.9 < 482

S95T000790 85:2 Upper < 498 < 502.5 < 500

S95T000787 Lower < 434 < 431.0 < 433

S95T000840 85:3 Upper % < 530 < 528.1 < 529

S95T000837 Lower <'476 < 476.4 < 476

S95T00O851- 85:4 Upper % < 480 < 481.1 < 481

S95T000848 Lower < 519 < 528.4 < 524
90.00 568 84:3, . L.Oc% < 5. 20'4.2 <IA24.7..< 24.7NA N/A..

S95T001568 184:3 1Lower h < 25.2 < 24.2 < 24.7 <c 24.7 N/A N/A

A
'C

nri
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(2 sheets)



Table A-23. Tank 241-BX-109 Analytical Results: Samarium (ICP). (2 sheets)

Nmnb r% Segmeni Semn Reut Dp Mean Mean m<ah p n tr.. .. " O.tC..5# 0
cC ~~ ~ x

S95TO0784 185:1 1N/A < 40.10 < 40.10 < 40.10 < 25.1

S95T000854 85:4 N/A < 10.10 < 10.10 < 10.1

S95T001329 184:N/A N/A < 2,300 < 2,249 < 2,275 < 3,090
I I N/A N/A

S95T001471 85:N/A N/A . < 3,930 < 3,865 < 3,897

Cupste 2 Ig./aC >ci * g/ og/gg/ ,g/u % k

S95T001445 184:N/A N/A < 51.30 < 52.04 < 51.7 < 47.2
ST1N/A N/A

S95T001470 j85:N/A jN/A < 42.06 < 43.27 < 42.7
;I

C
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Table A-24. Tank 241-BX-109 Analytical Results: Selenium (ICP). (2 sheets)

S9T076 842Upr% 3 00. <wW 520>

S95T000763 cOW~ owe % < 460 < U 47. "<47

S95T000781 84:1 Whole < 487 < 477 < 482 94NA /

S95T000796 84:2 Upper % < 598 < 502.6 < 50*

S95T000767 Lower % < 460 < 43.3 < 467*

S95T000742 84:3 Upper % < 500 < 499.2 < 509'

S95T0087 Lower % < 500 < 4507.2 < 546

S95T00078 84:4 Upper < 537 < 4512.5 < 525'

S95T000748 Lower % < 506 < 505.7 < 5064

S95TX0058 84: Lower < 24.2 < 4.4 < 47<

S95T000851 854Upr g, 8 811 <41

S95TO006 184:3 Loe 4825. < 248. < 4.7 < 24.7 N/A. N/A

Ill
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Table A-24. Tank 241-BX-109 Analytical Results: Selenium (ICP). (2 sheets)

Sapl Cre SbOve}Mi Ru D Ptrjecte&d
N4ujibX r __egmet degm tn ?ResiiL. Dii Mea#Mean -na) hietr

ME- 01s tm

S95T000784 185:1 N/A < 40.10 < 40.10 < 40.10 < 25.1

S95T000854 85:4 N/A < 10.10 < 10.10 < 10.10

S95T001329 84:N/A N/A < 2,300 < 2,249 < 2,270 < 3,090

S95T001471 85:N/A N/A < 3,930 < 3,865 < 3,900

S95T001445 84:N/A N/A < 51.3 < 52.04 < 51.7c <47.2
N/A N/AS95T001470 85:N/A jN/A < 42.06 < 43.27 < 42.7*

;

b-I
ci

tTl

'3'
-J
t.J

CD

0



Table A-25. Tank 241-BX-109 Analytical Results: Silicon (ICP). (2 sheets)
ffi,-.F>

Numberi~4~& ~sSgmn& pSegment Re . .up lan~ tMSau ( >cn uvdetory4

S95T000760 84:1 Whole 1,050 1,070 1,060 739 7.9 798
S95T000766 84:2 Upper 662 679.6 670.6

S95T000763 Lower 466 579.1 522.3e

S95T000772 84:3 Upper %A 928 841.5 884.9

S95T000769 Lower / 771 736 753.6

S95T000778 84:4 Upper 'A 568 527.4 547.8

S95T000775* Lower 1A 42,200 40,300 41,300d

S95T000781 85:1 Whole 829 879.6 854.4

S95T000790 85:2 Upper %A 432 515.4 473.5*

S95T000787 Lower 370 313.7 342.0*

S95T000840 85:3 Upper 'A 690 649.2 669.6

S95T000837 Lower 'A 882 762.2 822.3

S95T000851 85:4 Upper %A 743 784.2 763.6

S95T000848 Lower %A 932 976.2 954.1

S95T001568 84:3 Lower % 630 1,510 1,070 1,070 N/A N/A

(A
U)
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Table A-25. Tank 241-BX-109 Analytical Results: Silicon (ICP).

SanilRrCre:sub ~ *k Ovr RS tProject

'Drinbie wfquid die t7Apg/mLii p~g/mL 7tg/nilz :rpg/u4L t% kg>

S95T000784 85:1 N/A < 20.05 < 20.05 < 20.05 15.0
I 33.4 N/A

S95T000854 85:4 N/A 9.974 10.05 10.01d

Compostt: fu___p/ s0/ 0 * /C >g2C/ %"% r.-R , 44: _ ....
:. .... .C~>c '11

S95T001329 84:N/A N/A 1,850 < 1,124.5 1,490 1,720
13.3 1,860

S95T001471 85:N/A N/A < 1,960 < 1,932.5 < 1,950
.. O~~~~>~~"'I .C*A4>>*Z:YS .. CX .C CA ,

........... N.

S95T001445 84:N/A N/A 78.49 91.20 84.84 87.9
ST 1 ________ I_ _ N/A_ _ 1_ 91.04 190.803.6 N/A

S95T001470 85:N/A N/A 91.04 90.80 90.92

*Suspect values excluded from overall mean and mean RSD.
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Table A-26. Tank 241-BX-109 Analytical Results: Sodium (ICP). (2 sheets)

............. ..... ... .... .........
Sme Core' ..Sub4~* veral Rs,> ojecte

aolids: ~usionl & >. s .qg y %

S95T000760 84:1 Whole 1.04E+05 98,000 1.O1E+05 1.05E+05 1.5 1.13E+05

S95T000766 84:2 Upper %b 1.09E+05 1.11E+05 1.10E+050

S95T000763 Lower % 1.14E+05 1.122+05 1.13E+05*

S95T000772 84:3 Upper 1.07E+05 1.1OE+05 1.09E+050

S95T000769 Lower %/2 1.13E+05 1.122+05 1. 13E+05c

S95T000778 84:4 Upper 'A 1.02E+05 1.04E+05 1.03E+05'

S95T000775 Lower 94,100 88,000 91,000.

S95T000781 85:1 Whole 1.01E+05 1.04E+05 1.02E+05

S95T000790 85:2 Upper % 1.102+05 1.11E+05 1.10E+05c

S95T000787 Lower Ia 1.09E+05 1.13E+05 1.11E+05

S95T000840 85:3 Upper 1.08E+05 1.09E+05 1.08E+05

S95T000837 Lower 1.03E+05 1.05E+05 1.04E+05

S95T000851 85:4 Upper 1.03E+05 1.002+05 1.02E+05

S95T000848 Lower % 1.06E+05 1.01E+05 1.03E+05

S95TO01 568 84:3 Lower %/ 1.10E+05 1. 15E+05 1. 13E+05 1. 13E+05 N/A N/A

LA
LA LA

-J
t'3

CD

C



Table A-26. Tank 241-BX-109 Analytical Results: Sodium (ICP).

C p tit 1 /M WkI 4, :-M _________ - - W<

S9T041 8: /A.14+5 .5+0 .1E0 0 "
0

y.3E+. 0 5~

S95T000784 185:1 N/A 1.49E+05 1.48E+05 1.48E+05 87,70069

1 68.7 N/A

S95T000854 185:4 N/A 27,300 27,400 27,400

S95T001329 I84:N/A N/A 1.13E3+05 1.1313+05 1.13E+050 1. 14E3+05
10.7 1.2313+05S95T001471 J85:N/A N/A 1.1411+05 1.1513+05 1.1513+05

S95T001445 I 84:N/A N/A 1.02E+05 1.0313+05 1.03F3+05 1.0013+052.NI.A
S95T001470 I 85:N/A N/A 98,400 96,000 97,200d

U'
0\

(2 sheets)



Table A-27. Tank 241-BX-109 Analytical Results:

Nube Kemn Smet 'Resdltt DWON>0 an 0ig n a) nvntrM>* :4 Xu& t "' .yotO -0 t~ t '. : A. M , a m4

5T0%60 84:1 Whole 57M 568.9 569.80 592 6.5 639

S95T000766 84:2 Upper % 499 516.8 507.8

S95T000763 Lower % 473 471.6 472.4

S95T000772 84:3 Upper 1/ 917 872.9 895.1

S95T000769 Lower ' 673 659.7 666.5

S95T000778 84:4 Upper 396 409.5 402.5

S95T000775 Lower 680 639.4 659.6

S95T000781 85:1 Whole 577 612.1 594.4

S95T000790 85:2 Upper %1a 434 445.9 440.0

S95TU00787 Lower 372 384.9 378.6

S95T000840 85:3 Upper /2 638 627.2 632.4

S95T000837 Lower % 637 665.0 650.9

S95T000851 85:4 Upper Ia 680 660.9 670.4

S95T000848 Lower 766 759.5 762.7

S9TO158 843 Lower %/ 4.89 15.85 5.37* 15.37 N/A I N/A

Vi
-.2

Cd,

hi

U'
-3
10

Cb

0

Strontium (ICP). (2 sheets)



Table A-27. Tank 241-BX-109 Analytical Results: Strontium (ICP).

N mbt Ru Mean MeaM (TM
<Ctk,"T.ORM ...... ~...o~

Drinabl' CiqddireCt nut pg/mL p>/mL tCotLt%

S95T000784 85:1 N/A < 4.010 < 4.010 < 4.010 < 2.51I N/A N/A
S95T000854 85:4 N/A < 1.010 < 1.010 < 1.010

S95T001329 84:N/A N/A 569 570.3 569.5 590
3.4 637

S95T001471 85:N/A N/A 608 611.9 609.9

Cpo t: 20d*./K /g2 >g/fg p"g/g .:g/g1~ % kg94 *>A4.'t3,

S95T001445 84:N/A N/A 21.7 28.40 25.05e 34.2
267 N/A

S95T001470 85:N/A N/A 43.87 42.75 43.31
t.000

(2 sheets)



Table A-28. Tank 241-BX-109 Analytical Results: Sulfur (ICP). (2 sheets)

___pl Cor: Sb Oer R$ 4rojce

I F_ z%7 ed

S95TOO0760 184:1 Whole 6,180 6,000 6,090 6,280 1.6 6,780

S95TOO0766 84:2 Upper %h 6,130 6,340 6,240

S95TOO0763 Lower %h 6,630 6,510 6,570

S95TOO0772 84:3 Upper %/ 6, 180 6,370 6,280

S95TO00769 Lower %h 6,580 6,510 6,540

S95TO07 84:4 Upper %/ 6,910 7,010 6,960

S95TOO0775 Lower %/ 5,570 5,250 5,410

S95TOO0781 85:1 Whole 5,920 6,030 5,980

S95TOO0790 85:2 Upper %h 6,070 6,200 6,140

S95TOO0787 Lower %/ 6,410 6,530 6,470

S95TOO0840 85:3 Upper %h 6,410 6,450 6,430

S95TOW0837 Lower %/ 6,530 6,490 6,510

S95TOO0851 85:4 Upper %h 5,970 5,980 5,980

S95TOO0848 Lower %/ 6,590 6,390 6,490

S95TOO1568 84:3 Lower %/ 7,080 7,390 7,240 7,240 N/A N/A

U'

6)

C)



Table A-28. Tank 241-BX-109 Analytical Results: Sulfur (ICP). (2 sheets)

Sapl Coe S4b- N. i .....
N u m b e r S e g m e. S e g m e n t R e4 - l. D. .. M e a n M e u( e n n e t r

fibje7i.4 N/A4

S95TOO0854 85:4 N/A 1,670 1,660 1,660d 14 /

S95T1329 84:N/A N/A 6,480 16,780 6,630 6,840 3

S95TOO1471 85:N/A N/A 6,980 17,110 7,040

S95T1445 84:N/A N/A 6,760 6,840 6,800d 6,6

S95T001470 85:N/A N/A 6,590 6,490 6,540- 5,810a'
0

Y

C>t'

CD



Table A-29. Tank 241-BX-109 Analytical Results: Thallium (ICP). (2 sheets)

Ai~U~fl'g --. ~

Slia:tfsio # pV>~ -g/g 4 -pg/ pyAgg- pg/g r %' ' kg

S95T000760 84:1 Whole < 974 < 975.4 < 975 < 988 N/A N/A

S95T000766 84:2 Upper % < 1,080 < 1,001.2 < 1,040

S95T000763 Lower 1 < 920 < 946.6 < 933

S95T000772 84:3 Upper < 999 < 998.4 < 999

S95T000769 Lower < 999 < 1,014.4 < 1,010

S95T000778 84:4 Upper < 1,070 < 1,025.0 < 1,050

S95T000775 Lower < 1,010 < 1,011.4 < 1,010

S95T000781 85:1 Whole < 974 < 955.8 < 965

S95T000790 85:2 Upper < 995 < 1,005 < 1,000

S95T000787 Lower % < 869 < 862.0 < 866

S95T000840 85:3 Upper < 1,060 < 1,056.2 < 1,060

S95T000837 Lower < 953 < 952.8 < 953

S95T000851 85:4 Upper < 960 < 962.2 < 961

S95T000848 Lower % < 1,040 < 1,056.8 < 1,050

S95T001568 84:3 Lower < 50.4 < 48.4 < 49.4 < 49.4 N/A - N/A

8N

9
C,,Y

-2
t'~)

0

-C

0



Table A-29. Tank 241-BX-109 Analytical Results: Thallium (ICP). (2 sheets)

_" ... M ~ Uoy~ N.~ ~
Numhat or Semu -.. A.'Re..t Dup MYean Mean ma netr

Xx..- t&.J wncu ..........l< .........
__r____ab __ ______id direc p i/L~ tgkmL pg/mL sig/nL~ ~ -%~ k

S95T000784 85:1 N/A < 80.20 < 80.20 < 80.20 < 50.20
_ _ _ f tN/A N/A

S95T000854 85:4 N/A < 20.20 < 20.20 < 20.200

S95T001329 84:N/A N/A < 4,610 < 4,498 < 4,550 < 6,170
N/A N/A

S95T001471 85:N/A N/A < 7,860 < 7,730 < 7,800

Cusgie:H 
0  tacstd pg/g - sg/o.0,.0 4gg& <&0g/.g 4~.r% kg

S95T001445 184:N/A N/A < 103 < 104.08 < 103.5 < 94.4
N/A N/A

S95T001470 85:N/A N/A < 84.12 < 86.54 < 85.3
0\

II
t2i1

LA
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0



Table A-30. Tank 241-BX-109 Analytical Results: Titanium (ICP). (2 sheets)

S95TOO0760 184:1 Whole 136 130.9 133.4 88.5 N/A 95.6

S95TOO0766 84:2 Upper %/ 106 117.1 111.8

S95TOO0763 Lower %h 61.00 64.88 62.94d

S95TO00772 84:3 Upper %/ < 50.00 < 49.92 < 49.96

L95er7% < 50.00 < 50.72 < 50.36

S95TOO0778 84:4 Upper %h < 53.69 < 51.25 < 52.47

S95TOO0775 Lower %/ < 50.61 < 50.57 < 50.59

S95Ttt0781 85:1 Whole 123 126.1 124.7

S95TOO0790 185:2 Upper %b 137 126.9 132.1

S9T077Lower %2 100 98.67 99.53

S95TOO0840 85:3 Upper 1/ < 53.00 < 52.81 < 52.91

S95TOO0837 Lower %/2 < 47.63 < 47.64 < 47.64

S95T .0851 85:4 Upper % 130 < 48.11 89.1

S95TO0848 Lower % < 51.90 147.7 99.80 -

\Stjlds 0 -N--U- <1g+V4 g/ -.gpggg/gn

S95T001568 84:3 Lower 1/2 < 2.52 < 2.42 < 2.47 < 2.47 N/A N/A

U3

U

w
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p



Table A-30. Tank 241-BX- 109 Analytical Results: Titanium (ICP).

N-mber SegnenmSentn<4 ~t Rl _____p. MaMeu (ean) uvntr

Drial iud drc gm gmLt pg/ln sg /-.(.<% kg~

S95TO10784 85:1 1N/A < 4.010 < 4.010 < 4.010 < 2.51

S95T000854 85:4 N/A < 1.010 < 1.010 < 1.010
_. 

ON ~

S95T001329 84:N/A N/A < 230 < 224.9 < 227.4 < 309
N/A N/A

S95T001471 85:N/A N/A < 393 < 386.5 < 389.8

S95T001445 84:NIA N/A < 5.130 < 5.204 < 5.167 < 4.72
N/A N/A

395T001470 J85:N/A 1N/A < 4.206 < 4.327 < 4.266

(2 sheets)



Table A-31. Tank 241-BX-109 Analytical Results: Uranium (ICP). (2 sheets)

Nube e net SAmet Reh'ul Dru-p. Men Ma (nrcanj JInentory~~I' VVE.. rM--kI4I ED5WPM

q,: f sion p g pg>- % k
S95T000760 84:1 Whole 11,900 11,200 11,600- 14,200 12.8 15,300

S95T000766 84:2 Upper 6,230 7,060 6,650

S95T000763 Lower % 10,300 9,970 10,100

S95T000772 84:3 Upper %h 16,300 16,400 16,300

S95T000769 Lower 26,400 26,300 26,300

S95T000778 84:4 Upper % 13,900 14,400 14,200

S95T000775 Lower 22,800 21,400 22,100

S95T000781 85:1 Whole 6,760 5,930 6,340*

S95T000790 85:2 Upper 'A 5,260 6,200 5,730*

S95T000787 Lower 7,720 8,140 7,930

S95T000840 85:3 Upper 'A 14,300 14,000 14,200

S95T000837 Lower 21,200 21,700 21,500

S95T000851 85:4 Upper 21,900 22,400 22,200

S95T000848 Lower 23,700 22,700 23,200
943%2 M 24 .. 2././

S95T001568 184:3 ~Lower'/2 < 126 < 121 < 124 < 124 N/A N/A

ON
VI

Cb

y



Table A-31. Tank 241-BX-109 Analytical Results: Uranium (ICP).

1~ ~ ~ ~~~O *M E~. IBSIU"M'VI C.<* ~ ~ ~ 400 ., ~ -
Samle ore Sb Oera RD PojemeNine emn emn <~%Resfl1LDUp.t. .ean M4.n (ea) hietr

Drin. - iquid >Sdine3ct exnn pg/l4.:. pg/sm L p ./0n0 pgm % k 4 4.

S95T000784 85:1 N/A .234 237.5 235.9d 156
51.6 N/A

S95T000854 85:4 N/A 75.19 75.40 75.30d

4.4..2.4 47,5.4
S95 OO 32 184 AZ N/A 15,400% 17,a0- 163 0 16 20 2 .4 17 50

S95TOO1471 85:N/A N/A 16,400 15,800 16,100
I'. ......... N K r ..~>~ t1t.o. OAK~x7~ '04~S4<a< .

S95TO01445 84:N/A N/A 447 567.6 507.1c 48.8
5.6 N/A

S95T001470 85:N/A N/A 475 462.4 468.8
a'a' 'St

-I
to

CD

C

(2 sheets)



Table A-32. Tank 241-BX-109 Analytical Results: Vanadium (ICP). (2 sheets)

'atpl M r:SIbvr I S roet
Ngbr emenL Segmnenfr Reul D... M~eay ~MeAu ( 'an)i , vtoiy

S95T000760 84:1 Whole < 243 < 243.85 < 243.4 < 247 N/A N/A

S95T000766 84:2 Upper %A < 270 < 250.3 < 260.2

S95T000763 Lower 'A < 230 < 236.65 < 233.3

S95T000772 84:3 Upper % < 250 < 249.6 < 249.8

S95T000769 Lower < 250 < 253.6 < 251.8

S95T000778 84:4 Upper % < 268 < 256.25 < 262.1

S95T000775 Lower 'A% < 253 < 252.85 < 252.9

S95T000781 85:1 Whole < 243 < 238.95 < 241.0

S95T000790 85:2 Upper 'A < 249 < 251.25 < 250.1

S95T000787 Lower 'A < 217 < 215.5 < 216.3

S95T000840 85:3 Upper 'A < 265 < 264.05 < 264.5

S95T000837 Lower < 238 < 238.2 < 238.1

S95T000851 85:4 Upper % < 240 < 240.55 < 240.3

S95T000848 Lower < 259 < 264.2 < 261.6
9.4.% .. .2..

S95T001568 184:3 f Lower 1/ < .12.6 < 12.1 < 12.4 < 12.4 N/A N/A

a'

C,,
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Table A-32. Tank 241-BX-109 Analytical Results: Vanadium (ICP). (2 sheets)

IS W -w IMM 9w

S95TO00784 185:1 N/A < 20.05 < 20.05 < 20.1 < 12.6N/NA
S95T0854 185:4 N/A < 5.050 < 5.050 < 5.050

*95T 3< 1,150 < 1,124.5 < 1,140 < 1,540 N N
S950047 85N/ NA* 1,960 < 1,932.5 < 1,950

S95T001445 84:N/A N/A < 25.65 < 26.02 < 25.84 < 23.6
-1N/A N/AS95T001470 85:N/A N/A < 21.03 < 21.635 < 21.3300

0
-1
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Table A-33. Tank 241-BX-109 Analytical Results: Zinc (ICP).

..... ......... ... 'OC>

V.0m0:.'C rC.44*C0040r0*4 RSD>.C0*C&& Pr . jeCX ed

S95T000760 84:1 Whole 108 148.6 128.2t 150 6.5 162

S95T000766 84:2 Upper 168 122.5 145.0*

S95T000763 Lower %A 110 102.4 106.4

S95T000772 84:3 Upper 'A 214 193.9 203.8

S95T000769 Lower 1/ 127 186.0 156.7c

S95T000778 84:4 Upper 1/2 154 100.9 127.4

S95T000775 Lower 242 160.0 200.8t

S95T000781 85:1 Whole 144 125.0 134.5e

S95T000790 85:2 Upper 'A 128 107.6 117.6

S95T000787 Lower ' 169 89.75 129.6

S95T000840 85:3 Upper 107 116.8 111.9

S95T000837 Lower 173 186.0' 179.3

S95T000851 85:4 Upper 174 169.6 171.6

S95T000848 Lower 'A 230 210.2 220.3
9.77W .44 4. 4.6..N/A N/

S95T001568 184:3 1Lower / 4.77 14.44 14.61 4.61 N/AN/

a'
\0

6')

Ub

(2 sheets)



Table A-33. Tank 241-BX-109 Analytical Results:

A/ N/A

* 4 ~ Y $ & t 4 ~ x t c % %. . . ....... .S95 GO 78 18 : N/A Z <{ 4.1 <t, 4.010l < 4.0 0 251NA r JN/A

S95TOO0854 85:4 N/A < 1.010 < 1.010 < 1.010

~*A~knIe ,< c i i.F >ilm.'.

S95TOO1329 84:N/A N/A < 230 < 224.9 < 227 624
63.1 N/A

S95TOO1471 85:N/A N/A 1,020 1,01G 1,020

C Ip 2MMg/cdgg / pg/ %

S95T001445 84:N/A N/A 22.55 26.32 24.430 28.45
14.0 N/A

S95T001479 84:N/A IN/A <3.40 <32.9 <3229 2

-1
0

U

t ,I
LA

CD

Zinc (ICP). (2 sheets)



Table A-34. Tank 241-BX-109 Analytical Results: Zirconium (ICP). (2 sheets)

Nuer Segmenrt Seg, Resl Dup. M eaik Me"-u (ma Inenor

S L UOds: fusctVon tQ~&~ y (c. .. pg/gc~~c y~g/g pg% kg

595T000760 84:1 Whole 54.96 < 48.77 51.9 < 49.8 N/A N/A

s95Ta00766 84:2 Upper < 53.94 < 50.06 < 52.0

S95T000763 Lower < 46.01 < 47.33 < 46.7

S95T000772 84:3 Upper < 50.00 < 49.92 < 50.0

S95T000769 Lower < 50.00 < 50.72 < 50.4

S95T000778 84:4 Upper % < 53.69 < 51.25 < 52.5

S95T000775 Lower < 50.61 < 50.57 <50.6

S95T000781 85:1 Whole < 48.68 < 47.79 < 48.3

S95T000790 85:2 Upper % < 49.80 < 50.25 < 50.0

S95T000787 Lower C 43.44 < 43.1 < 43.3

S95T000840 85:3 Upper < 53.00 < 52.81 < 52.9-

S95T000837 Lower < 47.63 < 47.64 C 47.6

S95T000851 85:4 Upper % < 48.00 < 48.11 < 48.1

S95T000848 Lower < 51.90 < 52.84 < 52.4

S95T001568 84:3 Lower C 2.52 < 2.42 < 2.47 < 2.47 N/A N/A



Table A-34. Tank 241-BX-109 Analytical Results:

.~ .nr. . .. ' : . ~. ... .. ....
S~ ampe Ce u >veranSD Pojc
Number Segmen______t Semn ReSul >.Dup.o~ Mea M>n maw ) nvetory~t

Cra4uable i u d:dirhct pg/mLipt/m pz .; si/cLe44k

S95T000784 85:1 N/A < 4.010 < 4.010 < 4.010 < 2.51

S95T000854 85:4 N/A < 1.010 < 1.010 < 1.010

S95T001329 184:N/A N/A < 230 < 224.9 < 227 < 309
I N/A N/A

S95T001471 85:N/A N/A < 393 < 386.5 < 390

Composit':4,2 d.g./ cpgfgg/gQpg/z _g/_/__% kg

S95T001445 84:N/A N/A < 5.130 < 5.204 < 5.167 < 4.72
N/A N/A

S95T001470 85:N/A N/A < 4.206 < 4.327 < 4.267
-J
to

cn

9

n.j

-J
to
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0

Zirconium (ICP). (2 sheets)



Table A-35. Tank 241-BX-109 Analytical Results: Uranium (Phosphorescence). (2 sheets)

INpl Csre SubIM 2vMal RS'WOece
.Osai ..~v~~t ..<~> ....oo .o.v .. .S .) . e w o r .< o ' .. e...cte...Nmber: Zegent~ Semn ResC -t Dhwu .. Mea n ean (meafl) InAventOry

S95TOO0760 84:1 Whole 14,000 13,200 13,600 16,400 11.5 17,700

S95TOO0766 84:2 Upper %/ 8,470 18,960 8,720

S95TOO0763 Lower %/ 11,700 12,500 12,100

S95TOO0772 84:3 Upper %h 21,000 22,400 21,700

S95TOO0769 Lower %h 27,900 28,300 28,100.

S95TOO0778 84:4 Upper %h 17,600 17,700 17,606

S95TO0775 Iower %. 27,900 27,000 27,400

S95TOO0781 85:1 Whole 9,640 8,320 8,980

S95TOO0790 85:2 Upper %/ 7,450 8,120 7,780

S95TO00787 Lower %h 9,990 9,660 9,820

S95TOO0840 85:3 Upper %h 17,000 16,600 16,800

S95TOO0837 Lwr% 24,200 24,700 24,400

S95T000851 85:4 Upper 15,800 16,300 16,000

S95T000848 Lower 1A 25,700 28,000 26,800

-J
U)



Table A-35. Tank 241-BX-109 Analytical Results: Uranium (Phosphorescence). (2 sheets)

NMe .. .) ventory
g,' 0g _.Y.00

S95T000784 85:1 N/A 1,110 1,070 1,090 1,090
S95T000854 85:4 jN/A 0.116 0.152 0.134

S95T001329 84:N/A N/A 17,300 17,400 17,400 18,000
3.5 19,400S95T001471 85:N/A N/A 18,500 18,700 18,600

-J
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Table A-36. Tank 241-BX-109 Analytical Results: Chloride (IC).

Sp1e tzCore: Sg ItS.eralW RS Pr&&wsoJectedPois H0 1 g1, %k
___________ ISO ;d ,nMM, .M-'t

S95T000976 84:1 Whole 1,300 804 1,050 1,320 2.9 1,420

S95T000980 84:2 Upper 'A 1,330 1,060 1,200*

S95T000977 Lower %h 1,220 1,060 1,140*

S95T000982 84:3 Upper % 1,430 1,390 1,410

S95T000981 Lower 'A 1,510 1,660 1,580

S95T000984 84:4 Upper 'A 1,430 1,430 1,430

S95T000983 Lower %A 1,510 1,420 1,460

S95T000994 85:1 Whole 1,380 1,410 1,400

S95T000996 85:2 Upper % 1,260 1,360 1,310

S95T000995 Lower 'A 1,450 1,370 1,410

S95T000998 85:3 Upper %/2 1,470 1,340 1,400

S95T000997 Lower 'A 1,290 1,3i0 1,300

S95T001000 85:4 Upper /2 1,170 1,180 1,180

S95T000999 Lower %A 1,390 1,250 1,320

'-A
t-r

-L



Table A-36. Tank 241-BX-109 Analytical Results: Chloride (IC).

Sample C*ore: 0%S< b ftSu Proaecwed
Nutbr 'c>>Segment Sge0 RsuDp Man Ma maa netr

S95Tx00993 85:1 N/A 2,260 2,080 2, 170 1,500
4 IN/A N/A

S95T001001 85:4 N/A < 838 < 838 < 838

S95T001326 84:N/A N/A 1,100 1,260 1,180 1,200
5T13.0 1 296S95T001469 j85:N/A IN/A 1,250 1,200 1,220"0

'-3
0~.

Sri

(-'I
-2
N)

0

0



Table A-37. Tank 241-BX-109 Analytical Results: Fluoride (IC).

Sanl Coe SkA Ovrl R ,S . Pr 4te

N~umbe Semet egmet RKeSul Du Mbtn Mea- u (madyn vet ry

SblidrHOdig pj7y/~ p gpg&k /g p %4 kg ~j

S95T000976 84:1 Whole < 251 < 243 < 247 < 528 N/A N/A

S95T000980 84:2 Upper %A < 505 < 503 < 504

S95T000977 Lower < 421 < 414 < 418

S95T000982 84:3 Upper %A < 581 < 575 < 578

S95T000981 Lower / < 611 < 587 < 599

S95T000984 84:4 Upper < 589 < 581 < 585*

S95T000983 Lower 1,040 1,060 1,050

S95T000994 85:1 Whole < 604 < 580 < 592

S95T000996 85:2 Upper % < 600 < 569 < 585

S95T000995 Lower < 594 < 595 < 59S

S95Tac0998 85:3 Upper 'A < 574 < 568 < 571

S95T000997 Lower '/2 < 590 < 569 < 580

S95T001000 85:4 Upper %A < 136 < 134 < 135

S95T000999 Lower < 588 < 567 < 578

4,-a



Table A-37. Tank 241-BX-109 Analytical Results: Fluoride (IC).

'a4, Co re: S.b- Overa'l 0S Aro2eAed
Number vSegmae4t Set Resul D.4 Mea Mem 4(m I.nventory

S95T000993 85:1 N/A < 626 < 626 < 626 < 626
S95T001001 85:4 N/A < 626 < 626 < 626

S95T001326 84:N/A N/A < 642 < 652 < 647 < 458

9 N/A N/AS95TO001469 85:N/A jN/A < 266 <273 < 2700

00

t,,
Uv



Table A-38. Tank 241-BX-109 Analytical Results: Nitrite (IC).
4 ~~0>~~-.~

0
>.&~~cxo ..~~~y~ .... X0Y A ..... 0 <0 Xo ~ ~ .. 0

t N§mbWr Segen SegmeMtRhsult $oMe Mean :& mQean)o'Inventory~

S95TOO0976 84:1 Whole 19,000 11,400 15,200- 18,100 11.8 19,550

S95TOO0980 84:2 Upper %/ 18,200 14,700 16,400*

S95TOO0977 Lower %h 15,900 14,000 15,000*

S95TOO0982 84:3 Upper %/ 17,300 17,100 17,200

S95TOO0981 Lower %h 16,200 17,300 16,800

S95TOO0984 84:4 Upper %h 15,900 15,700 15,800

S95TOO0983 Lower %h 14,900 15,000 15,000

S95TOO0994 85:1 Whole 21,200 21,500 21,400

S95TOO0996 85:2 Upper %/ 21,000 21,000 21,000

S95TOO0995 Lower %17 22,000 21,800 21,900

S95TOO0998 85:3 Upper %/ 20,900 20,100 20,500

9Lower ' 18,900 19,600 19,200

S95TOO1000 185:4 Upper %/2 17,300 17,200 17,200

S95TO0999 I Lower 20,100 19,400 19,800

-3
'0

y

3

CD



Table A-38. Tank 241-BX-109 Analytical Results: Nitrite (IC).

S95T000993 85:1 N/A 31,900 29,600 30,800 19,400
S95TOO1001 85:4 N/A 7,920 8,060 7,990

S95T001326 84:N/A N/A 18,100 18,000 18,000 19,100
S95T001469 85:N/A N/A 20,200 20,100 20,200

06
C

N/A

5.5

n y

N/A

20,620

C-,

hi
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N)
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Table A-39. Tank 241-BX-109 Analytical Results: Nitrate (IC).

Sample>* ' Ctore~ SSD->ME Proec
di gs(

1.54E+050'*84:1 Whole 1.93E+05 1.14E+05

S95T000980 84:2 Upper 'A 1.88E+05 1.49E+05 1.68E+05

S95T000977 Lower % 1.79E+05 1.56E+05 1.68E+05ec

S95T000982 84:3 Upper 'A 2.11E+05 2.08E+05 2.10E+05

S95T000981 Lower 2.14E+05 2.28E+05 2.21E+05

S95T000984 84:4 Upper 'I 2.22E+05 2.20E+05 2.21E+05

S95T0J0983 Lower 2.11E+05 2.17E+05 2.16E+05

S95T000994 85:1 Whole 2.01E+05 1.981+05 2.00E+05

S95T000996 85:2 Upper %A 1.94E+05 1.88E+05 1.91E+05

S95T000995 Lower 2.058+05 2.06E+05 2.06E+05

S95T000998 85:3 Upper % 2.01E+05 2.04E+05 2.028+05

S95T000997 Lower 1/ 1.98E+05 1.99E+05 1.98E+05

S95T001000

S95T000999

85:4 Upper %

Lower %/2

1.85E+05 1.85E+05 11.85E+05
t F I
2.03E+05 1.99E+05 2.01E+05

1.93E+05 2.8 2.08E+05

I _______ I _______ ______ I ________ I _______ I ______ I ___

S95TOO0976

00
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Tank 241-BX-109 Analytical Results: Nitrate (IC).

'95T.1469.5:N/A N/A 203E+0 2.0E+0 2.3+k5*.~ 4. 230+

M___c-~
C1V>2l% 4±/ Mi g4wt ~ ~ 'Xt4* I .M. M

S95T000993 851I N/ . 6E C . 1E 0 .0 E 0 1 8 E 0

S95TO093 84:N1 }N/A 2.25E3+05 2.113+05 2.22E+05 2.1313+05
S9T410 4.44 2.30,4012,00 62+05NA/

S95T001469 185:N/A jN/A 2.03E3+05 2.03E3+05 2.03B+O5c

00
t')

0

I-,'
-3
I'-)

G

0

Table A-39.



rSM& str t g
Nuknfbec(

S95T000976

S95T000980

S95T000977

S95T000982

S95T000981

Table A-40. Tank 241-BX-109 Analytical Results: Phosphate (IC).

84:1

84:2

84:3

Whole

Upper %

Lower %

Upper %

Lower %

37,300

33,900

23,400

26,900

24,2007

22,900

27,900

20,400

26,700

25,200

gen

30,100-

30,900-

21,900*

26,800

24,700*
S95T000984 84:4 Upper % 22,400 22,000 22,200
S95T000983 Lower 21,800 21,800 21,800
S95T000994

S95T000996

S95T000995

S95T000998

S95T000997

S95T001000

S95T000999

84:1

85:2

85:3

Whole 28,800 28,300
.4 1 _______ I

Upper %

Lower %/

Upper %

Lower %

27,600

26,300

23,500

26,600

26,400

22,500

21,000 121,100
t I I I _______ I

85:4 Upper %

Lower %

17,600

21,900

17,500

22,000

28,600

27,100

26,400

23,000

2i,000

17,600

22,000

>v M2Over

25,200

(4ean)

4.2 27,200

00
C,)

Co

dl

(/1
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Table A-40. Tank 241-BX-109 Analytical Results: Phosphate (IC).

WW~ ..

S95T000993 185:1 N/A 22,600 21,800 22,200 14,700
S95T001001 85:4 N/A < 7,100 < 7,100 < 7,100

............................................ .............. >>4

S95T001326 84:N/A N/A 26,600 26,500 26,600 24,500
8.6 26,500S95T001469 85:N/A N/A 22,400 22,300 22,4000 -

00

In
-J
to

0
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Table A-41. Tank 241-BX-109 Analytical Results: Sulfate (IC

S95T000976 84:1 Whole

S95T000980 84:2 Upper %/

S95T000977 Lower /

S95T000982 84:3 Upper %

S95T000981 Lower %A

S95T000984 84:4 Upper %

S95T000983 Lower %/

S95T000994

S95T000996

S95T000995

S95T000998

S95T000997

S95T001000

S95T000999

85:1

85:2

85:3

85:4

Whole

Upper %/

Lower %/

Upper /

Lower %/

Upper %/

Lower %

16,700

17,000

15,800

19,100

19,500

19,600

19,200

18,800

18,200

19,100

18,700

18,200

16,700

18,600

4"ttM.ax

10,100

13,900

14,000

18,700

20,300

19,400

19,200

18,500

18,000

19,200

18,300

18,600

16,200-

18,100

13,400*

15,400*

14,900

18,900

19,900

19,500

19,200

18,600

18,100

19,200

18,500

18,400

16,400

18,400

17,600

2.k

| 2.9

19t0Ory

19,000

0
LA

9

a'
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Table A-41. Tank 241-BX-109 Analytical Results: Sulfate (IC).

Sam> e CIre: SIb .v.r. .O -rojected
Nube Sesmentp Segmnen *;@Resl ,u M Me (m n 4nventory~

Dribl hau :H ir cp~~tg/nLi p./L $/L >5L .k

S95T000993 85:1 N/A 27,600 26,100 26,800 16,600
N/A N/A

S95T001001 85:4 N/A 6,370 6,450 6,410
:Composite:>H Odg.p/p/ / %k.l a . . .' . .j . n~ .. ...

S95T001326 84:N/A N/A 19,500 19,100 19,300 18,800
1 N2.7 20,300S95T001469 j85:N/A jN/A 18,400 18,200 18,3000

00m' (Si
-3

(b

0



Table A-42. Tank 241-BX-109 Analytical Results: Oxalate (IC).

Nube S>mntS~em Rwilvr Su. Me Mea4V (ean) Inenor
Onnpsite II dig pg/4'g/ p: p %7k

9T 4 8: A/ . .. <2,7* . 2,7 N/A N/A.... P

S95T001469 185:N/A N/A < 2,130 < 2,189 < 2,17(Y < 2,170 N/A N/A

COE-1

cn
U

tri
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Table A-43. Tank 241-BX-109 Analytical Results: Americium-241 (GEA).

SO &.xoZ 4 ag.4*5' vt C? 14o-& 5 >s o .
Nubr Segm*iSAmet st Dupil~ (~Z S Me , (meAn) tventOr

S95T000760 84:1 Whole < 0.156 < 0.153 < 0.155 < 0.284 N/A N/A

S95T000766 84:2 Upper % < 0.371 < 0.355 < 0.363

S95T000763 Lower %/2 < 0.170 < 0.174 < 0.172

S95T000772 84:3 Upper < 0.349 < 0.354 < 0.352

S95T000769 Lower / < 0.298 < 0.304 < 0.301

S95T000778 84:4 Upper 1% < 0.335 < 0.316 < 0.326

S95T000775 Lower %/2 < 0.319 < 0.318 < 0.319

S95T000781 85:1 Whole < 0.367 < 0.368 < 0.368

S95T000790 85:2 Upper < 0.139 < 0.140 < 0.140

S95T000787 Lower /2 < 0.121 < 0.123 < 0.122

S95T000840 85:3 Upper '% < 0.451 < 0.443 < 0.447

S95T00837Lower 2a <; 0.317 < 0.316 < 0.317

S95T000851 85:4 Upper % < 0.312 < 0.294 < 0.303

S95T000848 . Lower %/2 < 0.337 < 0.334 < 0.336

00
kA
-A
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Table A-43. Tank 241-BX-109 Analytical Results: Americium-241 (GEA).

S95T10784 85:1 N/A<0.10 <.7 < 0.106 < 0. 107 < 0.0615

S95TOO0854 85:4 N/A < 0.0170 < 0.0159 < 0.0165 N/A N/A

CINpositep( go pMA/, IC/ yiC

S95TOO1329 84:N/A N/A < 0.329 < 0.334 < 0.332 < 1.26

S95T001471 85:N/A N/A < 2.13 < 2.24 < 2.185 < N61

00
'0



Table A-44. Tank 241-BX-109 Analytical Results: Cobalt-60 (GEA).

gm ResT Dup.tt Mean Medi)$ MnMentery

S95TOO0760 84:1 Whole < 0.00563 < 0.00556 < 0.00558 < 0.0133 N/A N/A

S95TOO0766 84:2 Upper %h < 0.0209 < 0.0197 < 0.0203

S95TOO0763 Lower %h < 0.00454 < 0.00540 < 0.00497

S95TOO0772 84:3 Upper %h < 0.0177 .< 0.0197 < 0.0187

S95TOO0769 Lower % < 0.0135 < 0.0154 < 0.0145

S95TO00778 84:4 Upper %/ < 0.0181 < 0.0108 < 0.0145

S95T0775 Lower %/2 < 0.0164 < 0.0157 < 0.0161

S95T000781 85:1 Whole < 0.0204 < 0.0190 < . 0.01

S95T000790 85:2 Upper / < 0.00909 < 0.00938 < 0.0197

S95T000787 Lower < 0.00828 < 0.00855 < 0.00924

S95T000840 85:3 Upper % < 0.0232 < 0.0170 < 0.0084

S95T000837 Lower l/% < 0.0167 < 0.0139 < 0.0201

S95T000851 85:4 Upper % < 0.0133 < 0.0154 < 0.0153

S95T000848 Lower % < 0.0211 < 0.0135 < 0.01435

C)
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Table A-44. Tank 241-BX-109 Analytical Results: Cobalt-60 (GEA).

Nmpe ITOn e m n ysl u enfnn ( en netr

S95TOO0784 185:1 N/A < 0.00375 < 0.00417 < 0.00396 < 0.00340 N/NA

S ~ v ~ ~ ~ x~tN/A N/A

S95TOO0854 185:4 N/A < 0.00275 < 0.00293 < 0.00284

S95TOO1329 184:N/A N/A < 0.0130 < 0.0137 < 0.0134 < 0. 130 N/NASN/A A I

-9T. 4 Co5:/ N/A < .22 <0.72 024

V



Table A-45. Tank 241-BX-109 Analytical Results:

Nu_0 Smn$4M, tSegiW su 1$p. -M Meap y(iea) Ienr

S95T000760 84:1 Whole 9.450 9.190 9.320 12.6 12.8 13,600

S95T000766 84:2 Upper %A 10.30 10.50 10.40

S95T000763- Lower 'A 24.90 25.00 24.95

S95T000772 84:3 Upper 'A 14.20 15.20 14.70

S95T000769 Lower 'A 8.690 8.650 8.670

S95T000778 84:4 Upper % 14.90 13.50 14.20

S95T000775 Lower /2 7.700 7.250 7.475

S95T000781 85:1 Whole 9.440 9.360 9.400

S95T000790 85:2 Upper % 10.00 10.20 10.10

S95T000787 Lower 'A 11.70 12.00 11.85

S95T000840 85:3 Upper 28.40 28.50 28.45

S95T000837 Lower 'A 14.40 15.00 14.70

S95T000851 85:4 Upper 10.70 10.70 10.70

S95T000848 Lower 'A 8.460 8.330 8.395

\0
t'3
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9
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Cesium-13.7 (GEA).



Table A-45. Tank 241-BX-109 Analytical Results: Cesium-137 (GEA).

Nuiter ~ S~em{n. Segmenfr Reul ___p MVa M0 (<n) Ivetr

Drin blequi $ p 1i/mL~ gCdJhiL p~CI/mXUJShnL C>00

S95T000784 85:1 iN/A 12.70 12.60 12.65 6.33
N/A N/A

S95T000854 85:4 [N/A < 0.00668 < 0.00680 < 0.00674

..0 O .............. 4&<~0C ~ t N ~ $ t ~ ~ ~C

S95T001329 I84:N/A rN/A 14.10 14.40 14.25 13.9
I 2.5 15,000

S95T001471 j85:N/A jN/A 13.90 13.20 13.55

'0

9

U'

0

0



Table A-46. Tank 241-BX-109 Analytical Results: Europium-154 (GEA).

F9T006 84:1Whol < .25 <0 0 < w0.0372 " .'494 N/A N/

S950076 corer W .4 < .20 < .34
S95Tm077 84:3 gi Upprt .02 < 0.*65 < 0 .4

-M. ... .. ...

S95 0 84: Upper % < 0.0671 < 0.0666 < 0.0697

S95T000775 Lower % 0.04 < 0.0210 < 0.03426
S95TOO0760 84:1 Whole < 0.0735 < 0.0730 < 0.0728.44 / /

S95TOO0796 84:2 Upper %/ < 0.0324 < 0.0344 < 0.0334

S95TOO0767 Lower 1/2 0.'04 < 0.0277 < 0.032

S95T000772 84:3 Upper 1/2 < 0.0522 < 0.0465 < 0.0494

S95T000769 Lower 1/ < 0.0549 < 0.0631 < 0.0590

S95T000778 84:4 Upper / < 0.0505 < 0.0488 < 0.0497

S95T000775 Lower % < 0.0491 < 0.0440 < 0.0466

S95T000781 85:1 Whole < 0.0706 < 0.0730 < 0.0718

S95T000790 85:2 Upper h < 0.0324 < 0.0344 < 0.0334

S95T000787 Lower / < 0.0294 < 0.0277 < 0.0286

S95T000840 85:3 Upper 1/ < 0.0657 < 0.0618 < 0.0638

S9T087Lower / < 0.0442 C0.0419 < 0.0431

S95T000851 85:4 Upper < 0.0381 < 0.0531 < 0.0456

S95T000848 Lower < 0.0562 < 0.0492 < 0.0527

P,.

e

tr



Table A-46. Tank 241-BX-109 Analytical Results: Europium-154 (GEA).

am RM < verac- R Project&d
P Niuumer~- ~SegntL* >Segmneunt Resul -D-p .ean Me - (nead)h netr

Dr___abe _iid__ mLp__ m _____/m.Lt ~t  /mL %%C

S95T000784 85:1 N/A < 0.00993 < 0.0107 < 0.0103 < 0.0759I N/A N/A
S95T000854 85:4 N/A < 0.00710 < 0.00801 < 0.00756

Cnyost 1 i A~i p i/g ,,/g1 %II CIS

S95T001329 184:N/A N/A < 0.0505 < 0.0448 < 0.0477 < 0.157
N/A N/A

595T001471 J85:N/A jN/A < 0.618 < 0.667 < 0.643

Lit
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Table A-47. Tank 241-BX-109 Analytical Results: Europium-155 (GEA).

*Silids p~ilap~%/p~ *- %Ci

4 ~ ~ ~ ~ p WIN.(~~,

S95T000760 84:1 Whole < 0.0567 < 0.0567 < 0 .0567 < 0.113 N/A N/A

S95T000766 84:2 Upper %A < 0.164 < 0.160 < 0.162

595T000763 .Lower %I < 0.0600 < 0.0602 < 0.0601

S95T000772 84:3 Upper % < 0.126 < 0.124 < 0.125

S95T000769 Lower % < 0.134 < 0.136 < 0.135

S95T000778 84:4 Upper < 0.146 < 0.136 < 0.141

S95T000775 Lower % < 0.118 < 0.115 < 0.117

S95T000781 85:1 Whole < 0.166 < 0.169 < 0.168

S95T000790 85:2 Upper < 0.0593 < 0.0603 < 0.0598

S95T000787 Lower < 0.0510 < 0.0519 < 0.0515

S95T000840 85:3 Upper < 0.160 < 0.158 < 0.159

595T000837 Lower %/ < 0.110 < 0.114 < 0.112

S95T000851 85:4 Upper %A < 0.109 < 0.109 < 0.109

S95T000848 Lower % < 0.124 < 0.124 < 0.124

'.0a'
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Table A-47. Tank 241-BX-109 Analytical Results: Europium-155 (GEA).

SMII'plew Cqe bu vrl S rjce

Dr> nb o i;4udjgf/mL C ff4 t gCx/mL gCi % Ci0 6 W . ~ - 0-

S95T000784 85:1 N/A < 0.0443 < 0.0437 < 0.0440 < 0.0258
I INIA N/A

S95T000854 85:4 N/A < 0.00757 < 0.00770 < 0.00764N

S95T001329 84:N/A N/A < 0.118 < 0.117 < 0.118 < 0.417

S95T001471 85:N/A N/A < 0.757 < 0.675 < 0.716

\0
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Table A-48. Tank 241-BX-109 Analytical Results: 89'"Sr (High Level Beta Counting).

Samp-ib Cte:ib en..SD PoJectedr~
N>mber ,.net Sget Rsuf Dp en Ma (mea 0 v ) nventOry

SldY p~/ A~j ~ /gCj Cr

S95T10769 84:3 Lower '/2 131 131 131 131 N/A N/A

Compsitep~i/ Cil wpCi/ igC.. MM'M ...

S95T001329 84:N/A N/A 180 181 181 178
1:5 1.92E+05

S95T001471 85:N/A N/A 177 173 175

00
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Table A-49. Tank 241-BX-109 Analytical Results:

F ~ ~ k.& 
,..Nube.&menTlt . MeaM( nt

S95T000760 84:1 Whole < 0.0546 < 0.0547 < 0.0547 < 0.0446 N/A 48.1

S95T000766 84:2 Upper tA < 0.0385 < 0.0357 < 0.0371

S95T000763 Lower / < 0.0328 < 0.0338 < 0.0333

S95T000772 84:3 Upper < 0.0454 < 0.0529 < 0.0492c

S95T000769 Lower 'A < 0.0540 < 0.0528 < 0.0534

S95T000778 84:4 . Upper 'A < 0.0350. < 0.0334 < 0.03420

S95T000775 Lower < 0.0305 < 0.0489 < 0.0397a

S95T000781 85:1 Whole < 0.0638 < 0.0508 < 0.05730

S95T000790 85:2 Upper %12 < 0.0341 < 0.0345 < 0.0343

S95T000787 Lower % 0.138 0.0304 0.0842

S95T000840 85:3 Upper 'A < 0.0389 < 0.0344 < 0.0367a-*

S95T000837 Lower % < 0.0335 0.0286 0.0311P*

S95T000851 85:4 Upper %A < 0.0200 < 0.0200 < 0.0200*

S95T000848 Lower 1% < 0.0398 < 0.0320 < 0.0359c

'0
'0

n
6)

UI

Total Alpha (Alphi Proportional Counting).



Table A-49. Tank 241-BX-109 Analytical Results: Total Alpha (Alpha Proportional Counting).
Sfmple C .re Sub v rali:RSD rojected

Drinb-- qud .xm pji/imL y p$i/mL p jCi/flL %

S95T000784 85:1 *N/A 8.09E-04 4.27E-04 6. 18E-04e- 3.48E-04

S95T000853 85:4 jN/A < 6.95E-05 8.54E-05 7.74E-05ac5. /

S95T001329 I84:N/A IN/A < 0.0360 < 0.0276 < 0.0318 0.0292
090.4 N/AS95T001471 85:NIA N/A 0.0258 0.0274 0.0266

f-fl
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Table A-50. Tank 241-BX-109 Analytical Results: Total Beta (Beta Proportional Counting).

Number Segmen Segme tm Resut D.M MCI en ma) Inetr

Qt~~~i~~n0>~ ...' .'. .....:>xv~4c.. d :~

S95TOO1329 84:N/A N/A 380 365 373 347 N/A

S95TOO1471 85:N/A N/A 324 316 320 N/A 37,400

Table A-51. Tank 241-BX-109 Analytical Results: Total Organic Carbon (Persulfate/Coulometry).

S igdw fusg Monpg/xpgg3p /%p g.

S95TOO0759 184:1 Whole 1,070 921 995.5 995.5 N/A N/A

S95T1325 84:N/A N/A 427 332 380 410 N3A

S95T002283 85:N/A N/A 426 454 440N

0

ke)

0A



Table A-52. Tank 241-BX-109 Analytical Results: Percent Water (TGA). (2 sheets)

Nubr.emn Semet Resul .* p. Me n Pe (en

Sbfids, w w %W5 t

S95T000759 84:1 Whole 48.07 49.92 49.85 50.3 3.9

S95T000765 84:2 Upper % 50.78 50.03 50.41

S95T000762 Lower 51.17 50.89 51.03

S95T000771 84:3 Upper 48.91 49.02 48.97

S95T000768 Lower 49.52 48.67 49.09

S95T000777 84:4 Upper 52.78 52.92 52.85

S95T000774 Lower 47.98 48.87 48.42

S95T000780 85:1 . Whole 52.56 52.78 52.67

S95T000789 85:2 Upper 50.65 43.72 47.19

S95T000786 Lower % 51.36 49.58 50.47

S95T000839 85:3 Upper 50.98 51.70 51.34

S95T000836 Lower %/ 51.23 50.86 51.05

S95T000850 85:4 Upper 53.46 54.63 49.001 (54.05)

S95T000847 Lower 51.29 51.39 51.34
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Table A-52. Tank 241-BX-109 Analytical Results: Percent Water (TGA).

Notes:
'HHF corrections made using bromide concentrations.
2Analytical value disregarded as per Final Data Package for 241-BX-109.
3This drainable liquid sample was all HHF fluid. Its percent water value was not used.
1?GA using MettlerTm.
'TGA using Perkin ElmerT".

(2 sheets)

Number $4gmet e n -s01 ... ..: M.4 n ...... .... ....M ,
0000, wit Mr- T. _

S95TOO0783 4 85:1 N/A 67.452 57.73 62.59 60.1

S95TO00783' 85:1 N/A 57.53 - 57.53 N/A

S95TOO0853 85:4 N/A 87.66 87.61 01, (87.63)

MM M M .~~ .': . .. .. * .AM

S95TOO1325 84:N/A N/A 51.23 50.64 50.94 50.90.

S95TOO1468 85:N/A N/A 51.03 50.55 50.79

0
w
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Table A-53. Tank 241-BX-109 Analytical Results: Density and Specific Gravity.

Srm .%fiOW 0 .re:Sb- er
M M. ~_ HI , .:*~ I*O O ~ 4 .4-= ...... ....

~~~~*..~~~~~~~~~ .*~'--" .'~ * tC ~ t .os .. ~ ~ ..... ~ ..- ~ x~N~fumnher Senket egmnt resuat Atp.w Mea M$e Rt1SP (mean)

Coecop0ie bu <k de>At mL m ./m g/ %.~Y'~'M

S95T001325 184:N/A N/A 1.460 N/A N/A 1.48 N/A

S95T001468 85:N/A N/A 1.500 N/A N/A

...... ... 
<*j0IN 

kI', .g q

$olids: bnjk dest mL. mL0 0 /m0 mL

S95T000772 84:3 Lower 1.52 N/A N/A 1.52 N/A

S95TOO0783 85:1 N/A 1.265 1.727 1.496 1.27 N/A

S95T000753 85:4 N/A 1.039 1.72 1.036

C,,
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APPENDIX B

ANALYTICAL RESULTS FROM 1975 AND 1990 SAMPLING
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Table B-1. Analysis of Alkaline Waste Solutions for Tank 241-BX-109, May 20, 1975.

Lab Value
Component Concentration Weight % Lab Unit

Density at 85 C 1.311 --- g/mL

NaAIO 2  0.005 <. 0.1 M

NaNO2  1.33 7.0 M

NaNO3  4.50 29.2 M

NaOH < 0.01 < 0.1 M

Na2CO3  0.29 2.3 M

Na3PO4  0.29 2.2 M

Na2SiO3  0.005 < 0.1 M

NaF < 0.001 < 0.1 M

Ra Aoogcs 1tAnalys,*. i d cf~

13Cs 4.32E+04 --- pCi/L

134CS------

'2Sb --

Pu 4.14 pCi/L

2 8 Pu 0.17 pCi/L

3 7 Pu 0.01 piCi/L

2Am 0.01 MCi/L

Note:

Reference: Buckingham (1975)
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Table B-2. Analysis of Supernatant Liquid for Tank 241-BX-109, March 16, 1990.

Sample #R6039

Component Concentration Units Wt%

D'a
Density 1.34 g/mL --

%H20 --- 59.8

pH 11.43 --

~~t~iem(thnn aVS W e .~;>

B 2.97E-03 M 0.00

Ca 2.61E-04 M 0.00

Cr 1.99E-03 M 0.01

Hg 1.23E-06 M 0.00

Mg 2.87E-04 M 0.00

Na 6.11E+00 M 10.52

P 2.09E-01 M 0.49
U 2.55E-01 g/L 0.02

Cl 7.64E-02 M 0.20

F <7.86E-02 M ---

NO2  5.24E-01 M 1.80

NO3  4.95E+00 M 22.97

P0 4  2.10E-01 M 1.49

S04 2.46E-01 M 1.77

OH 1.09E-01 M --

CO 3  3.54E-01 M 1.59

TOC 3.0 g/L Carbon --
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Table B-2. Analysis of Supernatant Liquid for Tank 241-BX-109, March 16, 1990.

Sample #R6039

Component Concentration Units Wt%

~~.,~I I N" §, AN 0.*~.~~~.:~4

Density 1.34 g/mL --

%H20 ---- 59.8

, Supernate

AT 9.03E-01 MuCi/L ---

TB 2.03E+04 puCi/L ---

'31Cs (water) 1.61E+04 pCi/L ---

."Cs (acid) 1.60E+04 gCi/L --
89/90sr 3.24E+02 jpCi/L ---

2'"PU 9.72E-01 pCi/L

2"Am <3.39E+00 p4Ci/L -

Slurry

1"Cs 1.55E+04 pCi/L ---

"9gsr 6.47E+02 pACi/L ---

23'24pu 9.95E-01 gCi/L ---

2'Am 1.77E-01 ptCi/L --

Note:

Reference: Weiss (1990)
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Table B-3. Comparison of Tank 241-BX-109 Liquid Sample Results.

Anlt Draaoe Lhqwid Dial u d~ Sumt Supemiat.

9m am le a eW

pg/mL pg/mL pg/mL gg/mL
Sp Gr 1.265 1.039 1.34 1.311
Al <20.05 <5.05 -- 135

P04 22,600 <7,100 19,740 27,500
S04 27,600 6,370 23,600 --

N03 516,000 62,000 307,000 279,000
N02 31,900 7,920 24,100 61,200

Cs-137 12.7 <0.00668 . 16.1 43.2

Total Alpha 0.000809 -- 0.000903 0.0041
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APPENDIX C

1995 SAMPLE EXTRUSION PHOTOS
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Figure C-1. Tank 241-BX-109 Core 84 Extrusion Photographs.

BX 109 Core 84 Segment #1 (riser 6)

BX 109 Core 84 Segment #2 (riser 6)

BX 109 Core 84 Segment #3 (riser 6)

BX 109 Core 84 Segment #4 (riser 6)

a-e
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Figure C-2. Tank 241-BX-109 Core 85 Extrusion Photographs.

BX 109 Core 85 Segment #1 (riser 2)

BX 109 Core 85 Segment #2 (riser 2)

BX 9g # r

BX 109 Core 85 Segment #2 (riser 2)

BX 109 Core 85 Segment #4 (riser 2)
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APPENDIX D

HYDROSTATIC HEAD FLUID
ANALYTICAL RESULTS
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Table D-1. Tank 241-BX-109 Hydrostatic Head Fluid Analytical Results: Bromide (IC).

So.ids:1§4 di g ~~
- ,, ZZ 0 . < 4 . 0

S95TO1000 85:4 Upper 2 2,440 2,400 2,420 4,030 N/A N/A

L9T009 ower %/7 < 5,740 < 5,530 < 5,640

7777
________ME RW p___a_____ ___:___c p/m _______ _____ gooo<A)

S95T000993 85:1 N/A < 7,040 < 7,040 < 7,040 15,000
4 N/A N/A

S95T001001 85:4 . N/A 21,700 22,200 22,000

..... ... . ... .. .. .. .. .... N . .... 35.4> O.

S95T001326 84:N/A N/A < 6,550 < 6,600 < 6,580 < 4,650
N'A NA

S95T001469 85:N/A N/A < 2,710 < 2,710 < 2,710

U



Table D-2. Tank 241-BX-109 Hydrostatic Head Fluid Analytical Results: Lithium (ICP). (2 sheets)

I CI-z: S i va RS Projec0MN
Nubr Sem a egmenr Re SVJEAU Me-- M A'%" Cnca) MneatOr19

S95TOO0760 84:1 Whole < 48.70 < 48.77 < 48.7 < 56.8 N/A N/A

S95TO,0766 84:2 Upper-/ < 53.94 < 50.06 < 52.0

S95T000763 - Lower < 46.01 < 47.33 < 46.7

S95T000772 84:3 Upper 'A < 50.00 < 49.92 < 50.0

S95T000769 Lower 'A < 50.00 < 50.72 < 50.4

S95T000778 84:4 Upper %A < 53.69 < 51.25 < 52.5

S95T000775 Lower < 50.61 < 50.57 < 50.6

S95T000781 85:1 Whole < 48.68 < 47.79 < 48.2

S95T000790 85:2 Upper < 49.80 < 50.25 < 50.0

S95T000787 Lower < 43.44 < 43.0 < 43.3

S95T000840 85:3 Upper < 53.00 < 52.81 < 52.9

S95TO00837 Lower < 47.63 < 47.64 < 47.6

S95T000851 85:4 Upper % 165 168.4 166.8

S95T000848 Lower < 51.90 < 52.84 < 52.4

9T 6 4:o % .M.

S95T001568 184:3 1Lower / 0.0611 10.0768 10.0689 10.0689 1N/A I N/A

U~

cn
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Table D-2. Tank 241-BX-109 Hydrostatic Head Fluid Analytical Results: Lithium (ICP). (2 sheets)

hriabe windtdireca oght4 igm pg/L g/L

S95T000784 85:1 N/A 7.735 7.698 7.716 781.4

S95T000854 85:4 N/A 1,550 1,560 1,550

S95T001329 84:N/A N/A < 230 < 225 < 228 < 309
N/A N/A

S95T001471 85:N/A N/A < 393 < 387 < 390

S95T001445 I84:N/A N/A 9.645 9.987 9.816 18.2
46.0 N/A

S95T001470 85:N/A N/A 26.77 26.35 26.56
Li'
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APPENDIX E ~

STATISTICAL ANALYSIS
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E.1 INTRODUCTION

Appendix E describes the statistical analyses performed on the sampled data from
tank 241-BX-109 (referred to as BX-109). The appendix is divided into four sections,
including: 1) an analysis of variance (ANOVA) for each analyte for both core composite and
segment-level data; 2) cluster analysis on the segment-level data; 3) comparison of sampled
data to historical analysis; and 4) plots of each analyte for the segment-level data (profiles).

E.2 ANALYSIS OF VARIANCE

The analysis of variance (ANOVA) is a statistical method used to assess data variability and
to obtain uncertainly estimates for the mean concentration of various constituents.

This section is broken into two parts: core composites and segment-level analysis. Each
subsection will briefly describe the analyses and present the results in tabular form. Detailed
description of the ANOVA techniques as applied to the tank characterization problem has
been presented elsewhere (Hartley et al. 1995).

E.2.1 CORE COMPOSITES

An ANOVA on the core composite data for tank BX-109 has been completed. Each
analyte/analytical method was analyzed using a nested random effects model. The model
used to analyze the core composite data is:

YU + C U + EU (E.1)

where
Yj = measured value of concentration in the i' core and j' sample
p = mean concentration of the particular analyte for the tank
Ci = deviation of concentration from the mean in the i" core
Ej = analytical (lab) error in the measurement (primary and duplicate).

The results of the analysis are shown in Table E-1, where A is the estimated mean for the
overall tank concentration for each analyte, RSD(4) is the relative standard deviation in
percent units about the mean (calculated as the standard deviation for the mean divided by
A), oc is the variation (RSD) about the mean due to the different cores, a. is the variation
due to the analytical measurements, <DL is the number of samples below the detection

E-3
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Table E-1. Tank Concentrations and Variability for Core Samples. (2 Sheets)

Chloride IC-Dionex 1.20E+03 pg/g 3 0 6.1 0 4

Nitrate IC-Dionex 2.12E+05 pg/g 4.4 6.1 1.6 0 4

Nitrite IC-Dionex 1.91E+04 pg/g 5.5 7.8 0.4 0 4

Phosphate IC-Dionex 2.44E+04 pg/g 8.6 12.1 0.3 0 4

Sulfate IC-Dionex 1.88E+04 pg/g 2.7 3.7 1.2 0 4

Bismuth ICP:W Dig/Acid 6.34B+01 ug/g 17.7 24.5 7.5 0 4

Boron ICP:W Dig/Acid 2.98E+01 pg/g 0.6 0 1.3 0 4

Calcium ICP:F 4.03E+03 pg/g 39 54.8 8.7 0 4

Calcium ICP:W Dig/Acid 7.76E+01 pig/g 7.9 8.7 9.7 0 4

Chromium ICP:W Dig/Acid 7.49E+01 pig/g 10.6 14.9 2.7 0 4

Iron ICP:F 2.15E+04 pg/g 5.1 7.2 1.6 0 4

Iron ICP:W Dig/Acid 2.72E+03 gg/g 20.1 27.3 11.4 0 4

Lead ICP:W Dig/Acid 6.09E+01 pAg/g -12.6 17.7 3.2 0 4

Lithium ICP:W Dig/Acid 1.82E+01 ptg/g 46 65.1 1.5 0 4

Magnesium ICP:W Dig/Acid 5.49E+01 pg/g 6.5 9.2 0.9 0 4

Manganese ICP:W Dig/Acid 1.41E+01 pg/g 20.1 27.4 11.1 0 4

Nickel ICP:F 5.89E+03 pg/g 40.7 56.7 14.5 0 4

Nickel ICP:W Dig/Acid 1.28E+01 pig/g 19.6 27.5 5 0 4

Phosphorus ICP:F 2.20E+04 g/g 1.1 0 2.2 0 4

Phosphorus ICP:W Dig/Acid 8.04E+03 pg/g 7 9.9 1.7 0 4

Silicon ICP:F 1.73E+03 jzg/g 13.3 12.2 20.2 0 4

Silicon ICP:W Dig/Acid 8.79E+01 pg/g 3.6 0 7.1 0 4

Sodium ICP:F 1.14E+05 pg/g 0.7 0.9 0.4 0 4

Sodium ICP:W Dig/Acid 9.99E+04 jzg/g 2.7 3.6 1.3 0 4

Strontium ICP:F 5.90E+02 pg/g 3.4 4.8 0.4 0 4

Strontium ICP:W.Dig/Acid 3.42E+01 pg/g 26.7 37.1 9.9 0 4

Uranium ICP:F 1.62E+04 pg/g 2.4 0 4.8 0 4

Uranium ICP:W Dig/Acid 4.88E+02 pg/g 5.6 0 11.1 0 4

Uranium Phosphorescence 1.80E+04 pg/g 3.5 4.9 0.6 0 4

Zinc ICP:F 6.23E+02 pg/g 63.1 89.2 0.8 0 4

Zinc ICP:W Dig/Acid 2.84E+01 Ig/g 14 19.1 7.6 0 4
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Table E-1. Tank Concentrations and Variability for Core Samples. (2 Sheets)

nayt t MeThd. Meau ) ,Units RSD A) 1 30c A <M ,bs.

Cesium-137 GEA 1.39E+01 pCi/g 2.5 3 2.7 0 4

% Water TGA 5.09E+01 % 0.3 0.0 0.6 0 4

Alpha Digested Solid 2.78e-01 ttCi/g 90.4 127.9 0.3 0 4

Aluminum ICP:F 1.90E+03 gg/g 18.4 25.4 7.5 0 4

Aluminum ICP:W Dig/Acid 2.58E+02 pg/g 16.7 23.4 4 0 4

Beta Solid Sample 3.46E+02 pCi/g 7.6 10.6 2.5 0 4

Strontium High Level 1.78E+02 pCi/g 1.5 - 2 1.2 0 4

Sulfur ICP:F 6.84E+03 pg/g 3 3.9 2.4 0 4

Sulfur ICP:W Dig/Acid 6.67E+03 pg/g 1.9 2.7 1 0 4

TOC Persulfate/Coulom 409 gg/g 7.3 5.8 12 0 4

limit, and Obs. is the number of samples for each analyte. Only the analytes in which at
least half of the observations were greater than the detection limit were analyzed. In all
cases, four observations above the detection limit were available.

E.2.2 Segment-Level Estimates

The analysis of segment-level data from tank BX-109 is presented in this section. Because
each segment is represented by a lower and upper portion, it was possible to analyze the data
using half-segment resolution. Each analyte/analytical method combination was analyzed
using a nested random effects model. The model used for the analysis is:

Ygk = t + C + V + Ef (E.2)

where
Yik= measured value of concentration in the it core, j segment, and k" sample
p = mean concentration of the particular analyte for the tank
Ci = deviation of concentration from the mean in.the it core
V;j = deviation of concentration from the mean in the i" core and jI segment-portion
Ei, = analytical (lab) error in the measurement.
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The results of the analysis are shown in Table E-2, where ^ is the estimated overall tank
mean concentration, RSD(^) is the variation in terms of the overall tank mean (in percent
units), the a values represent the relative standard deviation for each factor (cores, segments,
and replicate samples, respectively), and the V-pval is the significance level used to test for
vertical variability. Only analytes in which more than half of the observations were greater
than the detection limit were analyzed.

The results shown in Table E-2 indicate that there is a strong probability of a vertical
heterogeneity effect,,indicated by the low p-values (V-pval < 0.01) for most of the analytes
and all of the ICP samples. P-values indicated less variability for the anions. Defining the
vertical structure of this heterogeneity (i.e., layers) is not an easy task using the ANOVA
analysis; the ANOVA analysis is performed on one analyte at a time (univariate). Thus, a
clustering analysis has been performed to identify the layering structure. The next section
describes this analysis.

E-6



Table E-2. Tank Concentrations and Variability for Segment-Level Samples.
AF) Uitt 4SDY &) fcrls<L ba(

Chloride IC-Dionex 1.33E+03 gg/g 2.9 0.0 8.7 9.3 2 28 0.0284

Nitrate IC-Dionex 1.96E+05 jg/g 2.8 0.0 8.4 8.9 0 28 0.0278

Nitrite IC-Dionex 1.80E+04 jig/g 11.8 16.4 2.9 9.2 0 28 0.3673

Phosphate IC-Dionex 2.46E+04 gg/g 4.2 0.0 13.0 12.3 0 28 0.0183

Sulfate IC-Dionex 1.78E+04 gg/g 2.9 0.0 9.3 8.1 0 28 0.0109

Aluminum ICP:F 1.99E+03 ug/g 26.8 0.0 100.2 3.8 0 28 0.0000

Boron ICP-Acid Dil. 2.16E+01 gg/mL 46.9 NA NA 4.0 0 4 NA

Calcium ICP:F 2.72E+03 gg/g 17.2 0.0 64.2 3.9 0 28 0.0000

Chromium ICP-Acid Dil. 6.27E+01 gg/mL 73.7 NA NA 1.6 0 4 NA

Chromium ICP:F 1.43E+02 gg/g 6.6 0.0 24..4 6.5 0 28 0.0000

Iron ICP:F 2.13E+04 pg/g 5.6 0.0 19.9 8.4 0 28 0.0000

Lead ICP:F 6.67E+02 gg/g 7.3 0.0 26.5 9.6 5 . 28 0.0000

Magnesium ICP:F 7.03E+02 gg/g 9.5 0.0 35.5 4.7 12 28 0.0000

Manganese ICP:F 1.40E+02 gg/g 8.0 0.0 29.3 7.2 0 28 0.0000

Nickel ICP:F 5.05E+03 gg/g 18.0 21.0 32.9 26.3 0 28 0.0069

Phosphorus ICP:F 2.10E+04 pg/g 4.6 0.0 17.0 2.8 0 28 0.0000

Silicon ICP:F 7.17E+02 gg/g 7.9 0.0 28.3 6.5 0 26 0.0000

Sodium ICP:F 1.06E+05 gg/g 1.5 0.0 5.4 2.3 0 28 0.0000
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Table E-2. Tank Concentrations and Variability for Segment-Level Samples.

Strontium ICP:F 5.93E+02 gg/g 6.5 0.0 24.2 2.7 0 28 0.0000

Titanium ICP:F 8.27E+01 Ig/g 11.5 5.5 34.9 29.1 14 28 0.0093

Uranium ICP:F 1.49E+04 pg/g 12.8 0.0 47.8 3.3 0 28 0.0000

Uranium Phosphorescence 1.72E+04 gg/g 11.5 0.0 43.1 3.9 0 28 0.0000

Zinc ICP:F 1.52E+02 gg/g 6.5 0.0 19.9 19.6 0 28 0.0175

Cesium-137 GEA 1.31E+01 pCi/g 12.8 0.0 47.7 2.8 0 28 0.0000

% Water TGA on Perkin Elmer 6.18E+01 % 20.9 28.3 14.0 4.6 0 12 0.0014

% Water TGA using Mettler 5.13E+01 % . 1.4 0.0 3.3 3.9 0 21 0.0560

Alpha Digested Solid 6.79e-02 pCi/g 12.0 14.5 8.7 30.6 27 28 0.3890

Sulfur ICP:F 6.29E+03 gg/g 1.6 0.0 5.7 1.7 9 28 0.0000
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E.3 CLUSTER ANALYSIS

The tank BX-109 core sample dataset contains 28 multivariate observations. The
observations may be cross-classified by core number (84 -- near the overflow, 85 -- near the
inlet), sample size (whole or half segment), and sample replicate (primary or duplicate).

A multivariate observation describing one tank BX-109 analytical sample may include
concentration measurements determined by IC (BO, Cl, F, N02, N03, Oxa, P04, S04),
ICP:F (AG, Al, As, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cu, Fe, La, Li, Mg, Mn, Mo, Na,
Nd, Ni, P, Pb, S, Sb, Se, Si, Sm, Sr, Ti, Tl, U, V, Zn, Zr) and GEA (Am, Co, Cs, Eu,
Sr). Measurements for many of these analytes, however, were not made, or were below
detection limits. Therefore, the analytes available for clustering were reduced to Cl, N02,
N03, P04, S04, Al, Ca, Fe, Mg, Na, Ni, P, S, and U.

The objectives of the multivariate statistical analysis of the reduced BX-109 dataset were:

* Describe qualitatively potential spatial structure within the BX-109 wastes by
identifying groups (clusters) of similar observations

* Describe quantitatively each layer based on the numerical characteristics of the
associated cluster of observations.

The application of multivariate methods to the BX-109 dataset proceeded through several
steps: data screening, data transformation, sample clustering, analysis of the correlation
structure, and summarization of the results. Several iterations through the steps were
necessary to uncover anomalies and reveal consistencies. The results reported here are a
composite of the results of several iterations.

E.3.1 DATA SCREENING

The BX-109 dataset was screened prior to, clustering to identify variables and measurements
that may have significant influence in the multivariate analysis and to identify possible
corrective actions (variable transformations or exclusions). Screening was also used to gain a
better understanding of the variables and measurements that drive the clustering.

The reduction of the set of analytes because of missing.values and below detection limit
measurements was described in the previous section. Screening also revealed a few
measurements that eluded quality control efforts. For example, measurements in excess of a
millon parts per million, and measurements reported below detection limit values in excess of
the reported detection limit, were identified and addressed.
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Figure E-1. Boxplots of Original and Logo Transformed Data.
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Disparities in the spread of measurement distributions significantly influence clustering
results. Boxplots, which display the measurement distributions, show the disparities in the
spread of measurement distributions across analytes (Figure E-1). Because of the large
spread of measurement distribution, it is possible to say that N03, U and Na would dominate
the clustering analysis if performed on the original measuring scale (while, perhaps,
important analytes based on physical principles would have minimal influence on the
analysis). A logo transformation reduced the influence of N03 and increased the effect of
Al, Ca and Mg on clustering results. With respect to the new differences in spread of
analyte measurements, this transformation may be extreme. An rth root transformation may
provide a better balance between the extremes of the original and log 0 scales. Assessment of
tank data is needed to identify appropriate transformations for individual tanks.

E.3.2 MULTIVARIATE CLUSTERING

A multivariate observation on one sample can be thought of as defining the coordinates of a
point in multi-dimensional space. In this analysis, the 28 samples in the analyte-reduced
dataset identify 28 points in a 14-dimensional space (one dimension for each analyte in the
analysis dataset). A group of similar BX-109 samples was identified by finding a cluster of
points that. were, in some sense, close together in the 14-dimension space. A quantitative
summary of the cluster (number of samples, 10th percentile, median, and 90th percentile)
was then calculated from measurements on the cluster members.

Groups of similar BX-109 samples were identified by comparing the results of several
clustering runs. Runs were performed on both the original-scaled and logo transformed data.
For both datasets, two cluster joining rules were used ("average". and "complete" linkage).
Two major clusters emerged, and one of these contained 3 distinct, but minor, sample
subsets. Sample membership in the major clusters remained stable across all data
transformation and linkage combinations. Membership in the minor groups varied slightly.
Figure E-2 presents a dendogram (cluster tree) showing the linkages among samples and
clusters, and the relative distances among them.

The two major groups consist of samples from the top and bottom of tank BX-109,
respectively. The minor groups partition the samples in the bottom group into
spatially-coherent subsets. The separation among samples in these subgroups, however, may
not be physically significant. A useful visualization of the clustering results that suggests
spatial structure for the BX-109 waste is shown in Figure E-3. Here, the different colors
denote the clusters; the colors correspond to those featured on the BX-109 dendogram
(Figure E-2).
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Figure E-2. Dendogram. of Compact Linkage Clustering on Log10 Transformed
Data using Cl, N02, N03, P04, 504, Al, Ca, Fe, Mg, Na, Ni, P, S.
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Figure E-3. Overlay of Clustering Results onto the Two Cores, -Colors Denote Groupings
Identified from the Clustering Dendogram.
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A quantitative summary of the 4 clusters can be found in Table E-3. The clusters are
identified by 'color' in reference to the colors featured in the dendogram and core plot. For
each analyte and cluster, three values labeled 'low', 'mid' and 'hi' are listed. These values
correspond to the 10th percentile, median and 90th percentile of the sample distribution for
the cluster members, and provide a sense of the distribution of measurements within a
cluster. From visual comparisons of these summaries across clusters, distinct differences are
found in U, Al, Ca and Ni, particularly between the 'green' major cluster and the subgroups
in the other major clusters. Less distinct differences between clusters for each analyte can
also be observed.
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Table E-3. Quantitative Summary of BX-109 Clusters. ("Low", "mid", and "hi" denote the
10th percentile, median, and 90th percentile, respectively. Colors correspond to the

clusters in Figure E-3. All Values are in pg/g)

AM , -.. M:OW9 A ~
.c%

4
j '0 C>y 1 _____ .t.-<y '.3r _______ - ______ . ........ .. _.._._......

low mid hi low mid hi low mid hi low mid hi

C1 983 1315 1389 1173 1215 1348 1140 1355 1460 1308 1430 1525

N02 13710 20000 21290 17230 18350 19890 14950 20500 21900 14990 16650 18970

N03 138500 190500 198900 185000 192000 201800 167500 202500 205500 198900 214000 222600

P04 25490 28100 34920 17530 19750 21970 21450 23450 26350 21090 22200 26720

S04 12760 17500 18590 16350 17400 18450 14900 18500 19150 18560 19200 19670

Al 2911 3965 7372 518 538 589 692 1230 1775 485 636 2354

Ca 4691 4895 5663 827 1040 1353 1975 2535 4060 1035 1165 2203

Fe 18410 20950 27740 19320 21300 23350 16500 19750 24050 13360 21100 28110

Mg 985 1065 1109 480 500 519 538 586 850 498 522 561

Na 100100 106500 111000 100300 102000 105100 108500 110500 113500 93490 104500 112100

Ni 5308 6135 8796 797 1013 1179 3875 5145 7190 3575 4935 6692

P 15610 24500 26990 17420 18500 19650 21850 22950 24200 16600 19850 22600

S 5976 6100 6242 5973 6185 6530 6410 6480 6580 5538 6500 6920

U 5129 6495 11410 22050 22550 23400 7930 10135 14150 14350 21300 26310
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